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RELATED APPLICATIONS 

This is a Continuation-in-Part application of U.S.Serial No. 08/026,393 filed March 4, 1993. 

BACKGROUND OF THE INVENTION 

This invention relates generally to vaccines and more particularly to the production of oral 
vaccines in edible transgenic plants and the administration of the oral vaccines such as through the 
consumption of the edible transgenic plants by humans and animals. 

Diseases have been a plague on civilization for thousands of years, affecting not only man but 
animals. In economically advanced countries of the world, diseases are 1) temporarily disabling; 2) 
permanently disabling or crippling; or 3) fatal. In the lesser developed countries, diseases tend to fall 
into the latter two categories, permanently disabling or crippling and fatal, due to many factors, 
including a lack of preventative immunization and curative medicine. 

Vaccines are administered to humans and animals to induce their immune systems to produce 
antibodies against viruses, bacteria, and other types of pathogenic organisms. In the economically 
advanced countries of the world, vaccines have brought many diseases under control. In particular, 
many viral diseases are now prevented due to the development of immunization programs. The 
virtual disappearance of smallpox, certainly, is an example of the effectiveness of a vaccine 
worldwide. But many vaccines for such diseases as poliomyelitis, measles, mumps, rabies, foot and 
mourn, and hepatitis B are still too expensive for the lesser developed countries to provide to their 
large human and animal populations. Lack of these preventative measures for animal populations can 
worsen the human condition by creating food shortages. 

The lesser developed countries do not have the monetary funds to immunize their populations 
with currently available vaccines. There is not only the cost of producing the vaccine but the further 
cost of the professional administration of the vaccine. Also, some vaccines require multiple doses 
to maintain immunity. Therefore, often, the countries that need the vaccines the most can afford them 
the least. 

Underlying the development of any vaccine is me ability to grow the disease causing agent 
in large quantities. At the present, vaccines are usually produced from killed or live attenuated 
pathogens. If the pathogen is a virus, large amounts of the virus must be grown in an animal host 
or cultured animal cells. If a live attenuated virus is utilized, it must be clearly proven to lack 
virulence while retaining the ability to establish infection and induce humoral and cellular immunity. 
If a killed virus is utilized, the vaccine must demonstrate the capacity of surviving antigens to induce 
immunization. Additionally, surface antigens, the major viral particles which induce immunity, may 
be isolated and administered to proffer immunity in lieu of utilizing live attenuated or killed viruses. 



Vaccine manufacturers often employ complex technology entailing high costs for both thej 
development and production of the vaccine. Concentration and purification of the vaccine is required, 
whether it is made from the whole bacteria, virus, other pathogenic organism or a sub-unit thereof. 
The high cost of purifying a vaccine in accordance with Food and Drug Administration (FDA) 
regulations makes oral vaccines prohibitively expensive to produce because they require ten to fifty 
times more than the regular quantity of vaccine per dose than a vaccine which is parenterally 
administered. Of all the viral vaccines being produced today only a few are being produced as oral 
vaccines. 

According to FDA guidelines, efficacy of vaccines for humans must be demonstrated in , 
animals by antibody development and by resistance to infection and disease upon challenge with the 
pathogen. When the safety and immunogenicity levels are satisfactory, FDA clinical studies are then 
conducted in humans. A small carefully controlled group of volunteers are enlisted from the general 
population to begin human trials. This begins the long and expensive process of testing which takes 
years before it can be determined whether the vaccine can be given to the general population. If the 
trials are successful, the vaccine may then be mass produced and sold to the public. 

Even after these precautions are taken, problems can arise. With the killed virus vaccines, 
mere is always a chance that one of the live viruses has survived and vaccination may lead to isolated 
cases of the disease. Moreover, since both the killed and live attenuated types of virus vaccines are 
made from viruses grown in animal host cells, the vaccines are sometimes contaminated with cellular 
material from the animal host which can cause adverse, sometimes fatal, reactions in the vaccine 
recipient Legal liability of the vaccine manufacturer for those who are harmed by a rare adverse 
reaction to a new or improved vaccine necessitates expensive insurance which ultimately adds to the 
cost of the vaccine. 

Some vaccines have other disadvantages. Vaccines prepared from whole killed virus generally 
stimulate the development of circulating antibodies (IgM, IgG) thereby conferring a limited degree 
of immunity which usually requires boosting through the administration of additional doses of vaccine 
at specific time intervals. Live attenuated viral vaccines, while much more effective, have limited 
shelMife and storage problems requiring maintaining vaccine refrigeration during delivery to the 
field. 1 

Efforts today are being made to produce less expensive vaccines which can be administered 
in a less costly manner. Recombinants or mutants can be produced that serve in place of live virus 
vaccines. The development of specific deletion mutants that alter the virus, but do not inactivate h, 
yield vaccines mat can replicate but cannot revert to virulence. 

Recombinant DNA techniques are being developed to insert the gene coding for the 
immunizing protein of one virus into the genome of a second, avimlent virus type that can be 
administered as the vaccine. Recombinant vaccines may be prepared by means of a vector virus such 
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as vaccinia virus or by other methods of gene splicing. Vectors may include not only avimlent 
viruses but bacteria as well. A live recombinant hepatitis A vaccine has been constructed using 
attenuated Salmonella typhimurium as the delivery vector via oral administration. 1 

Various avimlent viruses have been used as vectors. The gene for hepatitis B surface antigen 
(HBsAg) has been introduced into a gene non-essential for vaccinia replication. The resulting 
recombinant virus has elicited an immune response to the hepatitis B virus in test animals. 
Additionally, researchers have used attenuated bacterial cells for expressing hepatitis B antigen for 
oral immunization. Importantly, when whole cell attenuated Salmonella expressing recombinant 
hepatitis antigen were fed to mice, anti-viral T and B cell immune responses were observed. These 
responses were generated after a single oral immunization with the bacterial tells resulting in high- 
titers of the antibody. See, e.g., 'Expression of hepatitis B virus antigens in attenuated Salmonella 
for oral immunization/ F. Schodel and H. Will, Res. Microbiol, 141:831-837 (1990). Others have 
had similar success with oral administration routes for recombinant hepatitis antigens. See, e.g., 
M.D. Lubeck et al., "Immunogenicity and efficiacy testing in chimpanzees of an oral hepatitis B 
vaccine based on live recombinant adenovirus," Proc. Natl. Acad. ScL 86:6763-6767 (1989); S. 
Kuriyama, ~et al. ~ "Enhancing effects of oral adjuvants on anti-HBs responses induced by hepatitis B 
vaccine," Clin. Exp. Immunol. 72:383-389 (1988). 

Other virus vectors may possess large genomes, e.g. the herpesvirus. The oral adenovirus 
vaccine has been modified so that it carries the HBsAg immunizing gene of the hepatitis B virus ^ 
~X^meric~p^ioviros vaccines have been cori^tted of which the completely avimlent type 1 virus 
acts as a vector for the gene carrying the immunizing VP1 gene of type 3. 1 



Immunity to a pathogenic infection is based on the development of an immune response to 
specific antigens located on the surface of a pathogenic organism. For enveloped viruses, the 
important antigens are the surface glycoproteins. Glycosylation of viral surface glycoproteins is not 
always essential for antigenicity. 1 Unglycosylated herpesvirus proteins synthesized in bacteria have 
been shown to produce neutralizing antibodies in test animals. 1 However, where recombinant antigens 
such as HBsAg are produced in organisms requiring complex fermentative processes and machinery, 
the costs and access can be prohibitive. 

Viral genes which code for a specific surface antigen that produces immunity in humans or 
animals, can be cloned into plasmids. The cloned DNA can then be expressed in prokaryotic or 
eukaryotic cells if appropriately engineered constructions are used. The immunizing antigens of 
hepatitis B virus, 2 foot and mouth, 3 rabies virus, herpes simplex virus, and the influenza virus have 
been successfully synthesized in bacteria or yeast cells. 1 

Animal and human subjects infected by a pathogen present an Immune response when 
overcoming the invading microorganism. They do so by initiating at least one of three branches of 
the immune system: mucosal, humoral or cellular. Mucosal immunity results from the production 
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of secretory IgA antibodies in the secretions that bathe mucosal surfaces in the respiratory tract, the 
gastrointestinal tract, the genitourinary tract and the secretory glands. McGhee, J.R. et al. Annals 
NY Acad. Sci.409:4O9 (1983). Mucosal antibodies act to prevent colonization of the pathogen on 
mucosal surfaces thus establishing a first line of defense against invasion. The production of mucosal 
antibodies can be initiated by either local immunization of the secretory gland or tissue or by 
presentation of the antigen to either the gut-associated lymphoid tissues (GALT; Peyer's Patches) or 
the bronchial-associated lymphoid tissue (BALT). Cebra, J J. et al. Cold Spring Harbor Symp. 
Quant. Biol. 41:210 (1976); Bienenstock, J.M., Adv. Exp. Med. Biol. 107:53 (1978); Weisz- 
Carrington, P. et al., J. Immunol. 123:1705 (1979); McCaughan, G. et al., Internal Rev. Physiol. 
28:131 (1983). Humoral immunity, on the other hand, results from the production of IgG and IgM 
antibodies in the serum, precipitating phagocytosis of invading pathogens, neutralization of viruses, 
or complement-mediated cytotoxicity against the pathogen. See, Hood et al. supra. 

Others have noted that the induction of serum or mucosal antibody responses to orally 
adininistered antigens, however, may be problematic. Generally, such oral adtnimstration requires 
relatively large quantities of antigen since the amount of the antigen that is actually absorbed and 
capable of eliciting an immune response is usually low. Thus, the amount of antigen required for oral 
administration generally far exceeds that required for parenteral administration, de Aizpurua and 
Russell-Jones, J. Exp. Med. 167:440-451 (1988). However, it has been found that the systemic and 
mucosal immune systems may be stimulated by feeding low doses of certain classes of proteins. In 
particular, this may be achieved with proteins which share the property of being able to bind 
specifically to various glycolipids and glycoproteins located on the surface of the cells on the mucosal 
"membrane. Such proteins/ called" "mucosal immunogens" have been found to include viral antigens 
such as viral hemagglutinin. Moreover, dose-response experiments comparing oral with intramuscular 
admiiustration revealed that oral presentation of mucosal immunogens was remarkably efficient in 
eliciting a serum antibody response to the extent that the response elicited by oral presentation was 
only slightly lower than that elicited by intramuscular injection of the mucosal immunogen. de 
Aizpurua and Russell-Jones, supra. 

The hypothesis proposed by these workers that such mucosal immunogens shared a common 
ability to bind glycosylated surface proteins on the mucosal membrane was at least partially confirmed 
by the inhibition of mucosal uptake of these mucosal immunogens by certain high levels of three 
specific sugars (galactose, lactose or sorbitol). Other sugars, fructose (the principal sugar found in 
many plant fruits) mannose and melibiose, did not inhibit mucosal immunogens from eliciting 
antibodies, de Aizpurua and Russell-Jones, supra. Others have found that certain sugars may, in 
fact, boost mucosal responses in the intestine. See. e.g.. "Boosted Mucosal Immune Responsiveness 
in the Intestine by Actively Transported Hexose," S. Zhang and G.A. Castro. Gastroenterol., 
accepted for publication); 
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decent advances in genetic engineering have prided the requisite tools . triform plants 
,o contain foreign genes. r.ants that contain the tfansgene in all cells can then be - 
the uansgene ,0 their oaring in a Median fashion, Boft ~<*«*~Z 

are bu. a few of the dicotyledenous plants which have been transformed by clonmg a gene „h.ch 
encodes the expression of 5^1pvn ) vyl^ikirnate-3 1 .hosphate synthase.' 

P,a», —formation and regeneration in dicotyledons by AgroiMEMD 

is w* documented. H» appHc«ionof *e Agr^b^Sam^ systern w.th the 
,eaf disc —formation method* permits efficient gene transfer, selection and regenerate. 

Monocotyledons have also been found to be capable of g«n«ic transforation by 

ZethyUn. glycol), or electroporaion. Successful — f«r of foreign gene, tnt, com and ri«. 

6^ n,— formed and transformed proooplasts. New methods such as micromjectioo and parud. 
oombardme,* .nay offer simpler and even more efficient means of —formation and regenerate 

°' ""TlCr^produce —genie plants expressing bacterial antigens of Esd^ SSlland 
ot s^ococa* mm* have been made «»*. mi mm, WO 90/0248, 22 Mar. 
Howev« umB me work of *, present inventors, no —genie plants had been constructed 
e^mgvu^ am^sua. ^Ag^-ln partoiS. unti! the wo* of the pre^n, mvemors no 
JL p.anl.adb.enobuined which ^recapableofexpressmg viral anUgens capable of eltcttrng an 

W respons^mu^irnm^nogen: until ft. wo* reported 

M been obtained capable of producing particles which were antigenic*!!, and phys.o«, smnUMo 
- to coaunercblly a^e HBsAg viral antige* derived from human serum or recombmant yeast. 
Ho^er. none of these Terences provided the posse*, of testfcg truly edible vaecmes mm* 
" ch studies were carried out in the Cassia tooac~ test systems which pl.t tissues are not rcuneiy 

digested bv man or animal. . 

tL, whUe prior approaches to chaining less expensive and more accessible vacgmes have 

W arteum^ mmmmmi ****** a>ter«ve ««rrf-*^*« 
■iJmmTmnmm--* - oroide alternative sources of vaecmes which are mcorpor«edb» 
p lmB wb,^ routmel, Included in human mi mm* die*. For instance, whue vaccines such. 

mJL reouire greater expense and provide ..we, accessibility to « 
underieveioped nations. ^ermore.wbUe certain baoeria, ^^T^ZZ 
. ptet Jl> wo* of me present inventors it was unknown whether aniens mmm* . 
' ^ or anneal viruses cou!d be expressed in a form physical,, - 
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used in commercial vaccines derived from human serum or recombinant yeasts. Similarly, while it 
is now possible to produce such recombinant antigens in tobacco plants by virtue of the present 
inventors work, no such antigens have been produced in plants routinely included in human and 
animal diets. In particular, prior art approaches have failed to provide such commercially viable 
5 antigen from plants made to express transgenic hepatitis B viral antigens. Viral antigens, anf,-v,ral 
vaccines and transgenic plants expressing the same as well as methods of making and using such 
compositions of matte, are needed which provide inexpensive and highly accessible sources of such 
medicines in common diet plants of man and animal. 

SUMMARY OF THE INVENTION 
10 Recombinant viral antigens, anti-viral vaccines and transgenic plants expressing the same are 

provided by the present invention. These compositions of matter are demonstrated by the present 
invention to be made and used by the methods of the invention in a manner which is potentially less 
expensive as well as more accessible to lower technological societies which rely chiefly on agricultural 

methods to provide essential raw materials. 

More particularly, the present invention overcomes at least some of the disadvantages of the 
prior art by providing antigens produced in edible transgenic plants which antigens are antigenically 
and physically similar to those currently used in the manufacture of anti-viral vaccines derived from 
human serum or recombinant yeasts. In a preferred embodiment, these compositions of matter and 
methods provide transgenic plants, recombinant viral antigens and anti-viral vaccines related to the 
causative agent of-hunm-and^miind 

diseases in which the virus possesses an antigen capable, in at least the native state of the virus, of 

the pathogen from which the antigen is derived is the hepatitis pathogen, and' in plants which are 
routinely included in human and animal diets. 
25 In one embodiment, the compositions of matter and methods of the invention relate to oral 

vaccines introduced by consumption of a transgenic plant-derived antiviral vaccine. Such a plant 
derived vaccine may take various forms including purified and partially purified plant derived viral 
antigen as well as whole plant, whole plant parts such as fruits, leaves, stems, tubers as well as crude 
«trac*s-ofme^^ 

30 is used to induce an immune response (U., whole plant, plant part, crude plant extract, partially 
purified antigen or extensively purified antigen) will depend upon the ability of the immunogen to 
elicit a mucosal-response. the dosage level of the plant derived antigen required to elicit a mucosal 
response, and the need to overcome interference of mucosal immunity by other substances in the 
chosen composition of matter (uc, sugars, pyrogens, toxins). 
35 The present invention overcomes the deficiencies of the prior art by producing oral vaccines 

in one or more tissues of a transgenic plant, thereby availing large human and animal populations of 
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„ inexpensive means of vaccine production and administfation. In a preferred ernbodimen, the ed.M. 
Ml juice, grain, hH. tube*, stems, seeds, roots ot omer plan, parts of the vaccine producutg 
^genic plan, is ingested by a human or an animal thus providing a very inexpensive means of 
imro „„ixa,ion again,, disease, in a preferred embodiment such ***** be plants rouunel, 
deluded in human and animal die*. Purification expense and adverse reactions Urn* in 
vaccine production are .hereby avoided. The invention also provide, a novel and inexpensive source ; 
„ f antigen for more u-aditional vaccine delivery modes. These and ott-er aspects of the present 
invention will become apparent from the following description and drawings. 

,„ „„e embodiment, the oral vaccine of the present invention is produced in edible transgenic 
pUnu ard then administered through the consumption of a pan of those edible pUnts. A DNA 
seoue^e eocoding me expression of a surface antigen of a pathogen is UoUted and lig.ted in* . 
piasmid veaor contaming sdecooo marker,. A pronxxer which regular th, production of ft. 
surface antigen to the transgenic plant is included to the sane piasmid vector upstream from the 
surface antigen gene to ensure ma, the surface antigen k expressed in desired tissues of the plant- 

Preferably, the foTetgo gene V SrB*Wim™*^~ 1 ^* , ~' nmm * 

For some uses, such as with bur™, infants, it is preferred that the edible food be a Juice from the 

transgenic plant which can be taken orally. 

to .mother embodiment, the vaccines (oral and otherwise) are provided by denvtng 

,ecombinan«ir>i™ti^^^ 

prtM t„todusiouto»»v«clne. The present l"^"*" 

vaccmes trom transgenic p l ums an not only be produced to m c-increa~l -.-unity icqgitcd for n 
vaccines bu, can be adminisured onlly. -hereby also reducing cost. The prc-luction of r - ond 
^^m^tnmm^^^l »void much of tie time and expe»« ** ^A 

approval and regulation relating to the purification of the vaccine. _ 

Aprir ^.rh^ of the presem invert is to^ 
.taoughth, prc^ucuon of u^pensive oral vaccines which can be used to v^ the potations 
of lesser developed cou«rles who otherwise could no. afford expensive or- vaccines rnanufacorred 

u^presenunemodsc™^ 

Thus, the toventio. provides for a recombinant mammalia, vhal protein expressed m . plant 

c^ wMcn proKto M— •* di * " ""^ rCSpMK * h « ^^ZT 
rf m. virus. Prefer*.,, me recombtan, ^ of » — will also be one wh.ch is 
toown . function . -antigen or imnmnogen (used unchangeably herein) as . recombm^t pM. 
when expressed to standanl pharrnaceutixal expression systems such as yearn or baoen. or where 
me v W protein is recovered from mammalian sera ar-1 shown to be antigenic More prefaably stul. 
U,e antigenic/immunogenic protein of the invention wil, be a protein know. , *. 
^genicfimmunogenlc when the protein as deriveo from the naive vln*. — »■ ~> '*"» 



standard pharmaceutical expression systems, is used to induce the immune response through an oral 
mode of introduction. In its most preferred embodiment, the recombinant mammalian viral protein, 
known to be antigenic in its native state, will be a protein which upon expression in the plant cells 
of the invention, retains at least some portion of the antigenicity it possesses in the native state or as 
recombinant^ expressed in standard pharmaceutical expression systems. 

The immunogen of the invention is one derived from a mammalian virus and which is then 
expressed in a plant. In certain preferred embodiments, the mammalian virus from which the antigen 
is derived will be a pathogenic virus of the mammal. Thus, it is anticipated that some of the most 
useful plant-expressed viral immunogens will be those derived from a pathogenic virus of a mammal 
sucfa as a human. 

The immunogens of the invention are preferably produced in plants where at least a portion 
of the plant is edible. For the purposes of this invention, ah edible plant or portion thereof is one 
which is not toxic when ingested by the mammal to be treated with the vaccine produced in the plant. 
Thus, for instance, many of the common food plants will be of particular utility when used in the 
compositions and methods of the invention. However, no nutritive value need be obtained when 
ingesting the plants of the invention in order for such a plant to be included within the types of the 
plants covered by the claimed invention. Moreover, in some cases, for instance in the domestic 
potato, a plant may still be considered edible as used herein, although some tissues of the plant, but 
not ft! entire plant, may be toxic when ingested (i.e., while potato tubers are not toxic and thus 
falling within the definitions of the claimed invention, the fruit of the potato is toxic when ingested). 
In such cases, such plants are still included within the definition of the claimed invention. 

The immunogen of the invention, in a preferred embodiment, is a mucosal immunogen. For 
the purposes of the invention, a mucosal immunogen is an immunogen which has the abUity to 
specifically prime the mucosal immune system. In a more highly preferred embodiment, the mucosal 
immunogens of the invention are those mucosal immunogens which prime the mucosal immune 
system and/or stimulate the humoral immune response in a dosenlependent manner, without inducing 
systemic tolerance and without the need for excessive doses of antigen. Systemic tolerance is defined 
herein as a phenomenon occurring with certain antigens which are repeatedly fed to a mammal 
resulting in a specifically diminished subsequent anti-antigen response. Of «wrse, while the 
immunogens of the invention when used to induce a mucosal response may also induce a systemic 
tolerance, the same immunogen when introduced parenteral* will typically retain its immunogenicity 

without developing tolerance. 

A mucosal response to the immunogens of the invention is understood to include any response 
generated when the immunogen interacts with a mammalian mucosal membrane. Typically, such 
membranes will be contacted with the immunogens of the invention through feeding of the 
Immunogen orally to a subject mammal. Using this route of introduction of the immunogen to the 
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mucosa, membranes provides access to the small intestine M cells which overlie the Peyer's Patches 
and other lymphoid clusters of the gut-associated lymphoid tissue (G ALT). However, any mucosal 
membrane accessible for contact with the immunogens of the invention is specifically included within 
the definition of such membranes (e.g., mucosal membranes of the air passages accessible by 
inhaling, mucosal membranes of the terminal portions of the large intestine accessible by suppository, 
etc.). 

Thus, the immunogens of the invention may be used to induce both mucosal as well as 
humoral responses. Where the immunogens of the invention are subjected to adequate levels of 
purification as further described herein, these immunogens may be introduced parenteral* such as 
by muscular injection. Similarly, while preferred embodiments of the invention include feeding of 
relatively unpurified immunogen preparations (e.g., portions of edible plants, purees of such portions 
of plants, etc.), the introduction of the immunogen to stimulate the mucosal response may equally 
well occur through first subjecting the plant source of the immunogen to various- purification 
procedures detailed herein or incorporated specifically by reference herein followed by introduction 
of such a purified immunogen through any of the modes discussed above for accessing the mucosal 
membranes. 

The recombinant immunogens of the invention may represent the entire amino acid sequence 
of the native immunogen of the virus from which it is derived. However, in certain embodiments 
of the iny_enli0ji.Jfc^^ 

sequence. In either case, the immunogen may be fused to another peptide, polypeptide or protein to 
^erm-a-ebfaeoc^r^^ * a c c omplished e i t h er port^latiottt Wy 

tough covalent bonding of one to another (e.g., covalent bonding of plant produced hepatitis B viral 
immunogen with whole hen egg lysozyme) or pre-tnmsiationally using recombinant DNA techniques 
(see e.g., supra discussion of poli virus vaccines), both of which methods are known well to those 
of skill in the art. 

In certain embodiments, the immunogen of the invention will be an immunogen derived from 
a hepatitis virus. In particular embodiments, the hepatitis B virus surface antigen will be selected. 
Thus in a higUy preferred embodiment, a viral mucosal immunogen derived from a hepatitis virus 
TTecombinantly expressed in a plant and is capable, in the native state of. the virus or as a 
recombinant protein expressed in any standard pharmaceutical expression system, of eliciting an 
immune response, particularly a mucosal immune response. 

In other embodiments of the invention, a transgenic plant comprising a plant expressing a 
recombinant viral immunogen derived from a mammalian virus is provided. For purposes of the 
invention, a transgenic plant is a-plant expressing in at least some of the cells of the plant a 
recombinant viral immunogen. The transgenic plant of the invention, in preferred embodiments, is 
an edible plant, where the immunogen is a mucosal immunogen. or more preferably where a mucosal 
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inununogen capable of binding a glycosylated molecule on the surface of a membrane of a mucosal 
cell and in some embodiments where the immunogen is a chimeric protein. In other preferred 
embodiments, the transgenic plant of the invention will be a transgenic plant expressing a recombinant 
viral mucosal immunogen of hepatitis virus, where the mucosal immunogen is capable of elicmng an 
immune response, particularly a mucosa, immune response, in the native state of the virus or as 
derived from standard pharmaceutical expression systems. 

Also claimed herein are compositions of matter known as vaccines, where such vaccines are 
vaccines comprising a recombinant viral immunogen expressed in a plant For the purposes of the 
invention, a vaccine is a composition of matter which, when contacted with a mammal, is capable of 
eliciting an immune response. As described above, certain preferred vaccines of the invention will 
be those vaccines useful against mammalian viruses as a mucosal immunogen, and more preferably 
as vaccines wherein the mucosal immunogen is capable of binding a glycosylated molecule on the 
surface of a membrane of a mucosal cell. In some embodiments, the vaccine may compose a 
chimeric protein immunogen. In other embodiments, the vaccine of the invention will comprise an 
immunogen derived from a hepatitis virus. In still other preferred embodiments, the vaccine of the 
invention will comprise a mucosal immunogen of hepatitis virus expressed in a plant, where the 
mucosal immunogen is capable of eliciting an immune response, particularly a mucosal immune 
response, in the native state of the virus or as derived from standard pharmaceutical expression 

systems. . 

A food composition is also provided by the invention which comprises at least a portion of 

a transgenic plant capable of being ingested for its nutritional value, said plant comprising a plant 
expressing a recombinant viral immunogen. For the purposes of the invention, a plant or poruon 
thereof is considered to have nutritional value when it provides a source of metabolizable energy, 
supplementary or necessary vitamins or co-factors, roughage or otherwise beneficial effect upon 
ingestion by the subject mammal. Tims, where the mammal to be treated with the food is an 
herbivore capable of bacterial-aided digestion of cellulose, such » food might be represented by a 
ttansgenicmonocotgrass. Similarly, although transgenic lettuce plants do not substantially contribute 
energy sources, building block molecules such as proteins, carbohydrates or fats, nor other necessary 
or supplemental vitamins or cofactors. a lettuce plant transgenic for the viral immunogen of a 
mammalian virus used as a food for that mammal would fall under the definition of a food as used 
herein if the ingestion of the lettuce contributed roughage to the benefit of the mammal, even rfthe 
mammal could not digest the cdlulosic content of lettuce. 

As described in the compositions of matter recited above, certain preferred foods of the 
invention will include foods where the immunogen is a mucosal immunogen, or where mucosal 
immunogen is capable of binding a glycosylated molecule on the surface of a membrane of a mucosal 
cell or where the immunogen is a chimeric protein or where, the inununogen is an inununogen 
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derived from 3 hepatit* virus. Tnus. in a highly preferrrf embodiment, the foe. of * *-d 
Lion W,„ comprise « .east 3 ponion of a transgenic p.an, enable of be,ng ■••-*•» 
Z L va.ue. ler. the plan, jesses 3 viral - — 

r.lraneofan.cos^U. „ an, case, the foods of the invention tna, be those poruons of 
a plant including the fn.it, leaves, stems, roots, or seeds of satd plant 

0,^l^«-«-*---»«-«- - me*odsofthec.aimed tnvenuouar. ce™. 
„astnid constructions useful in obtaining the plants, unmunogens. vaccines, art feeds of the 
Cion. ™, plasmid vectors for transforming , plan, are claimed cotnprisfcg i . «A = 
...coding a maroma,ian vir* unmunogen and . pUnt-funcUonal promote, op-*., >»*«o - £ »*A 

* I transformed eel, or pUn, * cenain embodU^. ph-id vecror of the 
ImpriseUtep.™, promo«r of causer ^cv^C^SS. As ««.o*er compos^ of 

STwbere the p« reformed by the plasmid veaor U edible, or where the —gen «~d- 
He^mid vector is a mucosa, immunogen, or more prefer*!, where me immunogen encoded 
Z Z S vector is enable of eliciting - immune response, pardon,*., a mucosa, nnmune 
^Tme native si of the virus or - deri^ from srandard 
ZTo where ft. encoded inununogeo is a chuneric protein, or where the encoded trn^nunogen 
r^lgen deHved torn a h^ v^s. ^us, in a h W prefer 

^TTme LenUon usefu. for transforming a pUnt composes a DNA sequence encoding a mucosal 

of hep** *rus. where me mucosa. Unmunogen , capab,e of .UcWng - 
Ztse pan.cu.ar,,. mucosa, immune response, in the nauve state of the virus or as denved ^m 
response. pa™» J ^ riant-functional promoter is operaW, linked 

25 standard pharmaceutical expression systems and where a plant function* p 

to the DNA sequence capab,e of dbecting ** expression of the immunogen ..the plant, to .very 

'"^^r^^gen.p.^ce.ls^ 

ODera hlv linking a DNA sequence 
o n A rtms 0 * constructing a plasmid vector or a DNA fragment by operaoiy musing 

rxriu^.p"^^^ 

"gen in me plan, ar. then forming a plan, eel, with the plasmid 

Ze pLrr*. me medx* rnay be e~r*d to prrfuce transgenic plan* *» *e transferred CU 

35 A^euTfor producing a vaccme is also provided b, the claim* InvenUou. comprtsmg the 
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recovering the immnnogen eipre^ in fte plan, ce« for use as a «*« 

The recovery of the immunogen from the plant ceil or wh» v 
enrtodimen*, in one s„cb embodiment, <"« - «~*« * * 

is accent by obtaining an of ft. plan. ce« or who.e .ft. or port,™ there*. J. 

^irnents where whole plan* are regenerated b, ft. meftods of ft. inv^on. ft. recovery step 
B ^comprU.m^,harv^r*«.^.porUo»offt.«n S8 «.icplanu ^ 

Tbe meftods of ft. Invenuon Prov-e for any of a number oftransformauon precis m 

Lcrlbed bCow .*>. particular transformation prottcois. i, wiU be understood b, ft*** .m 

ft, an that any tnnsforn-uoo mefcod may be utuiaed «Hb in ft. MM. «nd W rf*. 

-^on. Such -meftods-inc,*., microln^ 

_ .. r .. i ... jw: v.ill vl*-- - Apmhacterium transformation system, 

dectroporalion. Thus, certain preferred metnoos wiu uuii^ . A nxtfm 

.npJLar. ^e,.^^^ ^ * ^ ^'^ 1^ 
prefOTrf methods, ft. plan, eel, is transform* utilising a micropan.de bombardment 

^^^^^^ 

1ft. meftods of the invenOon. All such species - ^ «■» - «— claimed 
invent™ including both dicotyledon as well as monocotyledon plants. 

As will be described in greater detail in the examples to follow, fte methods of ft. 
* which plants arc transformed ma, utilize piastnm v«ors whtcb are bUwy — .Jooft. 
lodJ-s. ft. meftods of ft. invention ma, pUsmlds w*ch -re "-^ 
.highly prtferr* embodime* fte meftods of ft. invemion will uvulae ft. ; plasm« ~» rpB^ 
^^bodT^aln^ering W - * vacemes of fte 

f eneral embodiment such meftods comprise adrninlaerb* a ft«ap«udc an^nto, ft, -one" 
Inmal. Vn more specific embodiment, these meftods enui. n 
par^ornon^e^eran,^..^^^- Where a r^n^ 
ZJ. certain preferred embodiments wii, comprise.* — 
— Whi*^ mode of cocoon of ft. vaccine ,0 fte mammal ^ 
be unde*ood by ft«e *» in *. an of v^cinaUon ft. ^"1.;^ 
vaccinaUo. « ft. t«~ dose possible in a dos^ependen, manner and by so doutg el,c« — 
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and/or secretory antibodies against the immunogen of the vaccine with minimal induction of system.c 
tolerance Where a mucosal route of vaccination is selected, care should be taken to introduce the 
vaccine into the gut lumen of the mammal at low dosages and in forms which mininuze the 
sunultaneous introduction of interfering compounds such as galactose and galactose-^ saccharides. 
5 In preferred embodiments, methods are provided by the invention of administering an edible 

portion of a transgenic plant, which transgenic plant expresses a recombinant viral immunogen, to 
a mammal as an oral vaccine against a virus from which said immunogen is derived. These methods 
comprise harvesting at least an edible portion of the transgenic plant, and feeding the harvested plant 
or portion thereof to a mammal in a suitable amount to be therapentically effective as an oral vaccine 
10 in the mammal. 

Similarly, the invention provides for methods of producing and admmistering an oral vaccine, 
comprising the steps of constructing a plasmid vector or DNA fragment by operably linking a DNA 
sequence encoding a viral immunogen to a plant-functional promoter capable of directing the 
expression of the immunogen in a plant, transferring the plasmid vector into a plant cell, regenerating 
a transgenic plant from the cell, harvesting an edible portion of the regenerated transgenic plants, and 
feedingtheedible^rtionof ^me plant to a mammal in a suitable amount to be therapeutically effective 
as an oral vaccine. It is this embodiment that will be of particular utility in underdeveloped countnes 
committed to agricultural raw products as a main source of most necessities. 
___Other^bjects_an<Ladvantages of the invention will appear from the following description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

—-^r-a^tan^^^ 
be made to the accompanying drawings wherein: 

Figure 1 is a diagrammatic plasmid construct Ulustrating the construction of the plasmid 
vector pHVA-1 containing the HBsAg gene for producing the HBsAg antigen in a plant; and 
25 Figure 2 is a map of the coding sequence for two structural genes and their regulatory 

elements in the plasmid pHVA-1; and 

Figure 3 is a diagrammatic plasmid construct Ulustrating the construction of the plasmid 
vector P HB101 containing the HBsAg gene for producing the HBsAg antigen in a plant; and 

Figure 4 is a diagrammatic plasmid construct ulustrating the construction of the plasmid 
30 vector pHB102 containing the HBsAg gene for producing the HBsAg antigen in a plant; and 

Figure 5 is a map of the coding sequence for three structural genes and their regulatory 
elements in the plasmids pHBlOl and pHB102; and 

Figure 6A indicates the HBsAg mRNA levels in transgenic tobacco plants; and 
Figure 6B indicates the HBsAg protein levels in transgenic tobacco plants; and 
35 Figure 7 is a micrograph f immunoaffinity purified rHBsAg with a corresponding 

histogram; and 
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Figure 8 is a sucrose density gradient sedimentation of HBsAg from transgenic tobacco; and 
Figure 9 is a buoyant density gradient sedimentation of HBsAg from transgenic tobacco. 
Figure 10 is an RNA blot of transformed tomato leaf. 
Figure 11 is a tissue blot of tomato leaves. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 
The present invention has several components which include: using recombinant DNA 
techniques to create a plasmid vector which contains a DNA segment encoding one or more anugemc 
proteins which confer immunity in a human or an animal to a particular disease and for the ex P ress,on 
of antigenic protein(s) in desired tissues of a plant; selecting an appropriate host plant to recewethe 
DNA segment encoding antigenic protein(s) and subsequently produce the antigen* protem** 
transferring the DNA segment encoding the antigenic protein(s) from the plasmid vector tnto the 
selected bost P lant;reg^^ 

protein(s) which functions as a vaccinas); and administering an edible part of the transgenic plant 

4™ th^dg-e^^^ 
^^on-ofT-tranlg^ 

of a transgenic plant which when consumed as food, at least in part, by a human or an animal causes 

,„ immune response. Tnis response is 
response is the result of the production in the transgenic plant of antigenic protein(s) ; The 

.productionoftheanUg^^^ 
4fDWri£iDns^^^ 

Vacdnefe) and Their Administration .... 

The present invention may be used to produce any type vaccine effective in immuniting 
nutans a* animals again* dis«*s. Viruses, bacuria. fungi, arf paras«es tha, cause dise*. sn 
homm s and animals c*. contain antigenic pn*ein(s) »bicu can confer immmtity ta a human or an 
.nimai to me causative pathogen. A DNA sequence encoding any of these vW. ba«eaal. fungal or 
parasitic antigenic proteins may be used in the present invention. 

Mutant and variant forms of the DNA sequences encoding a anugenic prtHeu, wh.ch confers 
«, a particular virus, bacteria, fungus or parasite in an anitnai (hiding humans) ma, also 
in this invention. For example, expression veaors may conom DNA codtng «qu«=es 
which are altered so as to change one or more amtao acid residues in the anugenic protein expressed 
in the piatn, thereby altering meartsgeridtyo, the express* pro*h, Express.on vec^— 
. DNA sequence eroding only . portion of an antigenic protein as either a smaller peptide or as • 
component of a new chimeric fusion protein are also included ta this invention. 
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THe present invention is advantageously used to produce viral vaccines for humans and 
animals. T»e following table sets forth a list of vaccines now used for the prevention of viral dtseases 
in humans. 
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Disease 
Poliomyelitis 

Measles 
Mumps 
Rubella 

Smallpox 
Yellow Fever 
Viral hepatitis £ 

Influenza - 



Rabies 

Adenoviral 
infections 

Japanese_B_ 
encephalitis 

Varicella 





Condition of 


Route of 


Source of Vaccine 


Virus 


Administration 


Tissue culture (human diploid cell line, monkey 


Live attenuated 
Killed 


Oral 

Subcutaneous 


KJUIlCjr J 




Tissue culture (chick embryo) 


Live attenuated 


CnUi<«tit4n*AI1C 

dUDCUiHncoua 




Tissue culture (chick embryo) 


Live attenuated 


<%tirtmit&neous 




Tissue culture (duck embryo, rabbit, or human 


Live attenuated 


Subcutaneous 


diploid) 






Lymph from calf or sheep 


Live vaccinia 


TtitrQ/l^rmfii 

iniraQcniMU 


Tissue cultures and eggs 


Live attenuated 


Subcutaneous 


Purified HEsAg from 'health* carriers 


Live attenuated 
Subunit 


Subcutaneous 
Subcutaneous 


Recombinant HBsAg from yeast 




HighlypujrifiwLor jw^r^forn^(<Mck 


Killed 


Subcutaneous 


embryo) 






Human diploid cell cultures 


Killed 


Subcutaneous 


Human diploid cell cultures 


live attenuated 


Oral 



Jture (hamster lddney) 
Human dipl oid cel l cultures 



Killed 

Live attenuated 



Subcutaneous 
Subcutaneous 
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The present invention is also advantageously used to produce vaccines for animals. Vaccines 
are available to immunize pets and production animals. Diseases such as: canine distemper, rab.es, 
canine hepatitis, parvovirus, and feline leukemia may be controlled with proper immunization of pets. 
Viral vaccines for diseases such as: Newcastle, Rinderpest, hog cholera, blue tongue and foot-mouth 
can control disease outbreaks in production animal populations, thereby avoiding large economic 
tosses from disease deaths. Prevention of bacterial diseases in production animals such as: 
brucellosis, fowl cholera, anthrax and black leg through the use of vaccines has existed for many 
years Today new recombinant DNA vaccines, e.g. rabies and foot and mouth, have been 
successfully produced in bacteria and yeast cells and can facilitate the production Of a purified vaccine 
conuinmgonlymeu^unizingantigen. Veterinary vaccines utilizing cloned antigens for protozoans 
and helminths promise relief from parasitic infections which cripple and kill. 

The oral vaccine produced by the present invention is administered by the consumption of the 
foodstuff which has been produced from the transgenic plant producing the antigenic protein as the 
vaccine. The edible part of me plant is used a, a dietary 
in the process. 
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The present invention allows for the production of not only a single vaccine in an edible plant 
but for a plurality of vaccines into one foodstuff. DN A sequences of multiple antigenic proteins can 
be included in the expression vector used for plant transformation, thereby causing the expression of 
multiple antigenic amino acid sequences in one transgenic plant. Alternatively, a plant may be 

5 sequentially or simultaneously transformed with a series of expression vectors, each of which contains 
DNA segments encoding one or more antigenic proteins. For example, there are five or six different 
types of influenza, each requiring a different vaccine. A transgenic plant expressing multiple 
antigenic protein sequences can simultaneously elicit an immune response to more than one of these 
strains, thereby giving disease immunity even though the most prevalent strain is not known in 

10 advance. 

Vaccines produced in accordance with the present invention may also be incorporated into the 
feed of animals. This represents an important means to produce lower cost disease prevention for 
pets, production animals, and wild species. 

While the vaccines of the present invention will be preferably utilized directly as oral vaccines 
of the eansgehic plant material, immunogenic compositions derived from the transgenic plant 
materials suitable for use as more traditional immune vaccines may be readily prepared from the 
transgenic plant materials described herein. Preferably, such immune compositions will comprise a 
material purified from the transgenic plant. Purification of the antigen may take many forms known 
l^those of skUWn^e-arVin particular such purifications will likely track closely the purificauon 
techniques used successfully in obtaining viral antigen particles from recombinant yeasts (U., those 
containing HBsAg). In one embodiment, detailed in the examples to follow, HBsAg viral protein- 
containing particles, similar in many respects to those obtained from recombinant yeasts, were 
purified from transformed tobacco plants using a particular purification procedure. Whatever initial 
purification scheme is utilized, the purified material will also be extensively dialyzed to remove 
25 uodesired small molecular weight molecules (i.e.. sugars, pyrogens) and/or lyophifization of the thus 
purified material for more ready formulation into a desired vehicle. 

The preparation of vaccines is generally well understood in the art (e.g., those derived from 
fermentative yeast cells known well in the art of vaccine manufacture cite to Valenzuela et*l Nature 
298 347-350 (1982), as exemplified by U.S. Patents 4,608.251; 4,601,903; 4,599,231; 4,599,230; 
30 4,5* 792- and 4.578,770, all incorporated herein by reference. Typically, such vaccines are 
prepared as injectables. either as liquid solutions or suspensions. Solid forms suitable for solution 
in, or suspension in, liquid prior to injection may also be prepared. 

The preparation may also be emulsified. The active immunogenic ingredient is often mixed 
with excipients which are pharmaceutically acceptable and compatible with the active ingredient. 
35 Suitable excipients are. for example, water, saline, dextrose, glycerol, ethanol. or the like and 
combinations thereof. In addition, if desired, the vaccine may contain minor amounts of auxiliary 
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substances such as wetting or emulsifying ^ P H buffering agents, or adjuvants which enhance 
the effectiveness of the vaccines. 

The vacciD es are conventionally administered parenterally, by injection, for example, either 
subcutaneously or intramuscularly. Additional formulations which are suitable for other modes of 
administration include suppositories and, in some cases, oral formulations or aerosols. For 
suppositories, traditional binders and carriers may include, for example, polygene glycols or 
triglycerides: such suppositories may be formed from mixtures conuining the active ingred.ent in 
the range of 0.5% to 10%. preferably 1-2%. Oral formulations other than edible plant portions 
described in detail herein include such normally employed excipients as. for example. pharmaceuUcal 
grades of mannitol. lactose, starch, magnesium stearate. sodium saccharine, cellulose, magnes.um. 
carbonate and the like. Tbese compositions take the form of solutions, suspensions, tablets, puis, 
capsules, sustained release formulations or powders and contain 10-95% of active mgredieut, 

preferably 25-70%. . „ 

Ib many instances, it will be desirable to have multiple administrations of the vaccine, usually 
not exceeding six vaccinations, more usually not exceeding four vaccinations and preferably one or 
„K>re usually at least about three vaccinations. Tne vaccinations will normally be at from two to 
twelve week intervals, more usually from thre* to five week intervals. Periodic boosters at intervals 
of 1-5 years, usually three years, wUl be desirable to maintain protective levels of the antibodies. 

THe course of the immunization may be followed by assays for antibodies for the supernatant 
antigens. Tne assays may be performed by labeling with conventional labels, such as radionudides, 
eazymesrflubrescers. and the likerTnese techniques are well known and may be found in a wide 
variety of patents, such as U.S. Patent Nos. 3,791,932; 4,174.384 and 3,949,064. as Ulustrative of 

these types of assays. 
Host Plant Selection 

25 A variety of plant species have bee* genetically transformed with foreign DN A. using several 

different gene insertive techniques.—-— Since important progress is being made to clone DNA 
coding regions for vaccine antigens for parasitic tropical diseases and veterinary parasitic diseases 
*e present invention, will have important means of low cost production of vaccines in a form easily 
used for animal treatment. 

30 Since many edible plants used by humans for food or as components of animal feed are 

dicotyledonous plants, it is preferred to employ dicotyledons in the present invention, although 
monocotyledon transformation is also applicable especially in the production of certain grains useful 

for animal feed. . ... A 

HehoapUm sdeoal for genetic truribnnaion prefenfcly h* edible «* 
35 .ndgenlc pro** a proteins substance, c*. be expressed. Tous, the aodgerJc prate* « 
expressed in . p« of to P la«. »ch « the fruit, l«v«. sKms. ««ds. or ro«s. be 
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consumed by . human or an animal for which the vaccine is -«M. Although no, preferred. . 
vaccine ma, be proouced in a non^ible p.am and administered by on. of various ofter known 

methods of administering vaccines. 

Various ofter consid.ra.iOhS arc made in'selecting the host plan,. 1. is son>e«mes preferred 
ft. fte edible .issue of fte hos, plan, no, reouire heating prior ,o consumption since ft. heaung ma, 
^ce fte effectiveness of ft. vaccine for amma, or human use. Also, since certain vaccnes are 
most effective when administered in the human or animal infancy period, it * someumes prefcn* 
fta, me bos. plan, express ft. antigenic pro,ein which will taction as a vaccine . ft. form of 

drinkable liquid. . 
Hams which are suhable for me practice of ft. presen. invention include any dtcovledo. and 

mouocotfedo. which is edible in par. 6r in wholeby a human or an animal such «- " ' 
to. «m>, pot.*., apple, soybean, rice, com, berries such as Arawberries and raspbemes, b»sao, 
ofter such ediblevarieues. .. is paracu.ariy advantageous in certain disease prevent for hum» 

bean nult cairo. i.ice. o, a j uice mad, from a variay ct beny'ypes. Ofter for easy 

consumption wigai include dried fruit. 
Methods or Gene Transfer into Plants 

Her. are various meftods of inducing foreign genes b» boft monoco^ledenous »d 

,, plan, genomic DNA include me following apples: ,) Ag^M • ^ 
■ ^JL-:*^ 2) di.ec. DNA uptake." including meftods tor dtrect upUk. ^DNA-mtt 
prompt DNA uptake induced by brief electric shock of plan, cells - DNA **. ■£ 
^ tissues by particle kW-C- by the use of micropipet, systems.— •«* *. 
direc, incubation of DNA with germinaUng pollen;- or 3) the use of plant virus as gene vectors. 

Tfce Izntmzim system indudes the use of piasmid vectors that comai. defied DNA 
^ftatu^intoftep^genomicDNA. Meftodsof V™—- 
ILing upon ft. p.ant species and ft. is*- **"» *— • * 

for inM.*,, of whole PU« differentia*.. .« The Ax***^ is espeoall, - *• 

creaUonofuansgelucdicoryledenousflanB. 

As lisud above ftere are varied meftods of direc, DNA transf* - ^ «*• * 
.Ucoporaioo, fte prou-pla* are brief,, closed . . s«roug Cectric «. In £ 
DNA is mechanic,!, inject dir«qy fm ft. CU using very sms.1 

bomMrdm^ fte DNA Is adsorbed on microprojecUU* such as magnestum *m «0«* or 
tungaeo parUdes. and fte microprojecUles ». pnysicaHy accelec*ed u«o cells or pUn, uss.es. 
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Tl,e las. principle method of vector transfer is the emission of geMtic material -sing 
reified plant viruses. DNA of interest is integrated into DNA viruses, and these viruses are user. 

to infect plants at wound sites. 

in the preferred embodiment of the present invention, the A gPbacterium - Ti plasmid system 
is utilized - Tne tumor-inducing (It) plasmids of Ax M™*™^ contain a segment of plasuud DNA 
called transforming DNA (T-DNA) which is transferred to plant cells where it integrates into me plant 
host genome. The construction of the transformation vector system has two elements. First, a 
plasmid vector is constructed which replicates in Es^endua coji GL £QlD- This Pi-* contatns 
the DNA encoding the protein of interest (an antigenic protein in this invention); this DNA is flanked 
by T-DNA border sequences that define the points at which the DNA integrates into the plant 
genome. Usually a gene encoding a selectable marker (such as a gene encoding resistance toan 
antibiotic such as Kanamycin) is also inserted between the left border (LB) and right border (RB) 
sequences; the expression of this gene in « I ^ P l««*l»««P0^«^-^» 
identify tboseplants or plant cells which have an *^TW^** T»^+~* 
of the process is to transfer the plasmid from JL £Qli to Ambactenu m. This can be accomplished 
via a conjugation mating system, or by direct uptake of plasmid DNA by ^^11, For 
subsequent transfer of the T-DNA to plants, the A^ctexium strain utilized must contain a set of 
mducible virulence (vir) genes which are essential for T-DNA transfer to plant cells.— 
Those-skmed^ 

^ and plasmid construction strategies that can be used to optimize genetic transformation of 

-plants^Tney^^ 
™ OmerA^^ strau^ 
II Methods of inoculation of the plant tissue vary depending upon the plant species and the 

^^6^^ A very convenient approach is the leaf disc procure which can 
S be performed with any tissue explant that provides a good source for initiation of whole phmt 
differentiation. The addition of nurse tissue may be desirable under certain conditions. Other 
procedures such as the in vitro transformation of regenerating protoplasts with A* may 

be followed to obtamJiWpnned ^ well.* 1 - s 

This invention is not limited to the Antaaatai*™ 
30 direct physical method of introducing foreign DNA into the plant cells, transmission of geneac 
.naterial by modified plant viruses, and any other method which would accomplish foreign DNA 
transfer into the desired plant cells. 

""""L, the host plan, has be» se.ec.ed and the method of gene transfer into the pUnt 
35 determined, . consthutWe, . devdopmental.y regular or . tissue specific promour »""« 
plant is sdecxed so m* the foreign protein is expressed ta the desired par*) of the pUnt 
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Promote which are known or found to cause transaiption of a foreign gene in plant cells 
can be used in the present invention. Such promoters may be obtained from plants or viruses and 
include but are not necessaruy limited to: the 35S promoter of cauliflower mosaic virus (CaMV) 
(as used herein, the phrase "CaMV 35S" promoter includes variations of CaMV 35S promoter, e.g. 
5 promoters derived by means of ligations with operator regions, random or controlled mutagens, 
etc.); promoters of seed storage protein genes such as ZmalOKz or Zmagl2 (maize zein and glutehn 
genes respectively), light-inducible genes such as ribulose bisphosphate carboxylase small subunit 
(rbcsj stress induced genes such as alcohol dehydrogenase (Adhl), or "housekeeping genes' that 
express in all cells (such as Zmaact, a maize actin gene).- This invention can utilize promoters 
10 for genes which are known to give high expression in edible plant parts, such as the patattn gene 

promoter from potato. 36 

Tbe piasmid constructed for plant transformation also usually contains a selectable or scorable 

marker gene. Numerous genes for this purpose have been identified *■ 57 

The following are. examples of the production of a vaccine for hepatitis B in a host transgeruc 
^to and tobacco plant and ^presented to describe a preferred embodiment and the utility of the 
present invention but should not be construed as limiting the claims thereof. 

The DNA coding sequence for the hepatitis B surface antigen was selected for expression in 
a transgenic plant as Hepatitis B virus is oneof the most widespread viral infections of humans whtch 
causes acute and chronic hepatitis and heptocellular carcinoma,- Tomato.and tobjic^ants were 
selected as the host plants to produce the hepatitis B recombinant surface antigen as examples of 
antigenic protein production differer^^ 

plants was accomplished by the method of Mason, H.S. Lam, and Arntzen. OL, Proceedings of the 
National Academy of Sciences, U.S.A. Vol. 89, 11745_-1 17490992), herein incorporated by 
reference. 

25 FX AMPLE y. 

A. Construction of Hepatitis B Surface Antigen Expression Vector pHVA-1 

Referring initially to the diagrammatic piasmid construct Ulustrated in Figure 1, me DNA 
sequence encoding for HBsAg contained within restriction endonudease sites Pst I-Hind m on 
^sn^pV^Bs-S was excised and subsequently ligated into the unique Ban, Hl-Sst I site of the 
30 excised b^^lucurpnidase (GUS).gene on piasmid pB12 ± to construct the binary vector piasmid 

^"piasmid pBWl. ob^ from Clonetecb Laboratories, Inc.. Palo Alto. CA, has cleavage 
sites for the restriction endonudeases Bam HI and Sst I located between the CaMV 35S promoter and 
the GUS structural gene initiation sequence and between the GUS gene termination sequence and the 

— 35 NOSp<>ly^ 

g ene can be excised from the piasmid using Bam HI and Sst I. another structural gene encoding an 
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eugenic protein can be inserted, and the new gene will be functionally active in plant gene 
expression. Plasmid pB121 also contains a NPT 11 gene encoding neomycin phosphotransferase II; 
this is an enzyme that confers Kanamycin resistance when expressed in transformed plant cells, 
thereby allowing the selection of cells and tissues with integrated T-DNA. The NPT 11 gene is 
flanked by promoter and polyadenylauon sequences from a Nopaline synthase (NOS) gene. 

Tne HBsAg DNA coding sequence-" was isolated from the plasmid pWR/HBs-3 (constructed 
at the institute of Cell Biology in China) as a Pst I - Hind HI fragment Tnis fragment was digested 
with Klenow enzyme to create blunt ends; the resultant fragment was ligated at the 5' end w,th Bam 
HI linkers and at the 3' end with Sst 1 linkers, and then inserted into the pB121 plasmid at the site 
where the GUS coding sequence had been excised, thereby creating plasmid pHVA-1 as shown in 
Figure 1. 

The plasmid vector pHVA-1 then contains 1) a neomycin phosphotransferase H (NPT H) gene 
which provides the selectable marker for kanamycin resistance;- 2) a HBsAg gene regulated by a 
cauliflower mosaic virus (CaMV 35S) promoter sequence; and 3) right and left T-DNA border 

^err^toplanTcellsa^ 
1 is shown in Figure 2. 

B Transfer of Binary Vector, pHVA-1, to A. tumefaciens 

Plasmid-pHVA-l^containing theJHBsAg^ene^was^ferred to A, temefacier* strain 
LBA4404 obtained from Clontech Laboratories, Inc. This strain is widely used since it is 
-disarmed , t hat fe , it has intact^r genes^ut the T DNA r c gio n ^ b^ n iove d^in .yjvo. 
deletion techniques. Tne yjt genes work in trans to mediate T-DNA transfer to plants from the 

plasmid pHVA-1, 

^ mmefaciens was cultured in AB medium 3 * containing two-tenths milligrams per milliliter 

25 (0.2 mg/ml) streptomycin until the optical density (O.D.) at six hundred nanometers (600 nm) of the 
culture reaches about five tenths (0.5). The cells are then centrifuged at 2000 times gravity (2000 
XG ) to obtain a bacterial cell pellet. The Apr^fle^m pellet was resuspended in one milliliter of 
ice cold ^enty mUlimolar calcium chloride (20 mM Cad,). Five tenths microgram (0.5 Mg) of 
plasmid pHVA-1 DNA was added to two tenths mUiniters (0.2 ml) of the calcium chloride suspension 

30 of A. rurn^cieos cells in a one and five tenths milliliter (1.5 ml) microcentrifuge tube and incubated 
on ice for sixty minutes. The plasmid pHVA-1 DNA and A- mstete* cells mixture was frozen 
in liquid nitrogen for one minute, thawed in a twenty-five degree Celsius (25«Q water bath, and then 
mixed with five volumes or one milliliter (1 ml) of rich MGL medium.- The plasmid pHVA-1 and 
A. r^ma* mixture was then incpbated at twenty-five degrees Celsius (25 «Q for four hours wM» 

35 gentle shaking. The mixture was plated on LB. luria broth » agar medium containing fifty 
micrograms per milliliter (50 ,g/ml) kanamycin. Optimum drug concentration may differ depending 
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upon the A^^^ other experiments. T»e plates weffifced for thre* 

twenty-five degrees Celsius (25'Q before selection of resultant colonies which contamed th^ ^ ^ 

transformed £*ridacienujn harboring the pHAV-1 plasmids. | 

The presence of pHVA-1 DNA in the transformed ^Sl^mmn culture was verified h %^^J' 
restriction mapping of the plasmid DNA purified by alkaline lysis of the bacterial cells » 
C. Plant Transformation by A. tumefaciens Containing the HBsAg Gene as Part of the Ti 

Vector System 

The technique for in vi.ro transformation of plants b, the Agiobjaerjum-Ti plasoud system 
is based on cultivation of plan, tissues or cells and the transformed AQotaaeriym for about two 
oays with subsequem transfer of plan, materiais to an appropriate selective mriium. The mater*! 
can be either proumlast, callus or organtissue, depending upon the plant species. Organ cocultivauo. 
with leaf pieces is a convenient method. • 

Uaf disc transformation was performed in accordance with the procedure of Horsch et af. 
Tomato and tobacco seedlings were grown in flas under moderate iight and temperature and low 
humidity to produce uniform, health, plants of ten io fort, centimeters i« heigh,. New flats were 
staned weekl, and older plan* were discard*. Tbe he*h,, unblemished leaves from me young 
p„n,s were har«s«d and sterilized to bleach solution containing «n per cent (10%) household bleach 

_ v • ,_, K (ft i %\ Tween 20 or other surfactant tor 

(diluted one to ten from the bottle) and one tenth per cent (0.1*) iweeu 

fifteen to twenry minutes whh gentle agitation. The leaves were then tins* three times wtth stenle 
water. Tie leaf discs were men punched with a sterile paper punch or cork borer, or cu, m«, small 
strips or squares to produce a wounded edge. 

Leaf discs were precultured for on. to two days upside down on MS104' medmm to allow 
initial grow* and u, eliminate those discs that were damaged during sterilization or handling Only 
the leaf discs which showed viability as evidenced by swelling were used for subs^en. inoculation. 
The A. ^rfacj^comaming pHVA-1 which had been grown in AB medtam were diluted one to 
twenty whh MSO* for tomato inoculation and one to ten for tobacco discs. Leaf discs were inoculated 
by immersion in the diluted transformed A. JuruSfaciens culture and cocuUured on regeneration 
medium MS .04' medium for three days. Leaf discs were then washed with sterile w*er to remove 

the free A. - P'**" - frBh MS ^ " 

micrograms per milliliter (300 ,g/ml) of kanamycin to select for transformed plants cells and five 

hundred micrograms per milliliter (500 ^g/ml) carbenicillin to kill any remaining A. rumefacM, 
The leaf discs we« then transferred to fresh MS selection medium a. two week intervals. As shoots 
formed a. the edge of the leaf discs and grew large enough for manual manipulation, they were 
excised (usual,, a, three to six weeks after cocuitivation witi, transform* A. — ^ 
transferred fo a root-ioducing medium, e.g. MS rooting medium.' As roos appeared me plantie* 
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were either allowed to continue to grow under sterile tissue culture conditions or transferred to soil 
and allowed to grow in a controlled environment chamber. 
D Select! n of Genetically-Engineered Plants Which Express HBsAg 

Approximately three months (nine months for tomato fruit assays) after the untial 
^cultivation of the putative HBsAg expressing tomato plants (HB-plants) with A, tytn^kDS, they 
were tested for the presence of HBsAg. 

1 p;^ rhi»mical Immunochemical Assays 

Root stem leaf and fruit samples of the plants were excised. Each tissue was homogenized 
in a buffered'solution, e.g. one hundred millimolar sodium phosphate (100 mM), pH 7.4 containing 
one millimolar ethylenediamine tetraacetate (1.0 mM EDTA) and five-tenths millimolar 
phenylmethylsulfonyl fluoride (0.5 mM PMSF) as a proteinase inhibitor. The homogenate was 
centrifuged at five thousand times gravity (5000XG) for ten minutes. A small aliquot of each 
supernatant was then reserved for protein determination by the Lowry method. The remainmg 
supernatant was used for the determination of the level of HBsAg expression using two standard 
assays- (a) a HBsAg radioimmunoassay, the reagents for which were purchased from Abbott 
Laboratories and (b) immunoblotting using a previously described method of Peng and Lam« writ 
a monoclonal antibody against anti-HBsAg purchased from Zymed Laboratories. Depending upon 
the level of HBsAg expression in each tissue, the supernatant may have been partially purified usmg 
a previously described affinity chromatographic method of Pershing « al« using monoclonal antibody 
against HBsAg bound to commercially available Affi-Gel 10 gel from Bio-Rad Laborator.es, 
Richmond, CA. The purified supernatant was then concentrated by lyopbilization or ultrafiltration 
prior to radioimmunoassay and immunoblotting. 
2. r>»t»rtinn of th » HBsAg Gene Construct 

The stable integration of the HBsAg construct (expression vector) for plant cell transfecuon 
was tested by hybridization assays of genomic DNA digested with Eco Rl. and with a combmed 
mixture ofBamHl and Sst 1 in each plant tissue for both control and HBsAg-transfected plants with 
a HBsAg coding sequence probe using standard southern b,ots«. In addition, seeds were collected 
from self-fertilized plants, and progeny were analyzed by standard Southern analyse, 
E Regeneration of HBsAg Transgenic Tomato Plants 

Once the transgenic plant has been perfected, the transgenic plant is regenerated by growing 
multiples of the transgenic plant to produce the oral vaccine. Of course, the most common method 
of plant propagation is by seed. Regeneration by seed propagation, however, has the deficiency that 
there is a lack of uniformity in the crop. Seeds are produced by plants according to the genetic 
variances governed by Mendelian rules. Basically, each seed is genetically different and each wd! 
grow with its own specific traits. Therefore, it is preferred that the transgenic plant be produced by 
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homozygous selection suebSL regenerated plan, to the identical ua^charaeteristics of *e 
parent transgenic plant, e.g. a reproduction of the vaccine. 

p. Admlnistrntion .f HBsAg Vaccine t. Humans Through Consumption of Tomato Ju. 
Produced from HBsAg Transgenic Tomatoes 

Once the «n. is produced through the mass regeneration of the transgenic plant, the crop 
is harvested and utilized directly as food or processed into a consumable food. Although the food 
may b. processed as a solid or liquid, in some cases i, is preferred mat it be in liquid form for ease 
of consumption. The transgenic tomatoes could be homogenized • produce tomato juice whtch could 
be bottled for drinking. HBsAg vaccine administration is accomplished by a human drinking the 
tomao juice or consuming the fruit in a quantity and time scale (once or multiple dose, over a pertod 

of time) to confer immunity to hepatitis B vims infection. 

rrvAMPt.F. n. 

Al Construction of Hepatitis B Surface Antigen Expression Vector pHBlOl 

Referring to the plasmid construct illustrated in Figure 3. the DNA sequence encoding for 
HBsAg contained within restriction endonuclease sites Pst 1-Hind m on plasmid pMT-SA (provtded 
b, LW>e Gu,, Chinese Academy of Sciences) was excised and subseouemly ligaed too me unique 
Bam Hl-Sac I sne of the excised beu^.ucurcnidase (GUS) gene on plasmid pBl.21 to conscntd me 

binary plasmid pHBlOl. 

Plasmid pBI121. obtained from Conetech LaboraBries. Inc., Palo Alto, CA, has cleavage 
sites for the restrict endonucleases Bam HI and Sac 1 located b«ween me CaMV 35S prornottr and 
me GUS structural gene initiation sequence and b«ween me GUS gene tennination sequence and the 
NOS polyadenylation signals, respectively. Plasmid P B1121 was seiec.ed since me GUS statural 
gM ,e can be excised from the plasmid using Bam HI and Sac I, another strucrural gen. encoding an 
antigenic protein can be inserted, and the new gene will be functionally active in plan, gene 
expression. Plasmid pBI121 also contains a NPT II gene encoding neomycin phosphotransferase n 
,„„ conferring katamycin resisumce. Tne NPT n gene is flanked by promoter and polyadeu, a»„» 
sequences from a Nopaline synthase (NOS) gene. The HBsAg DNA coding sequence -flheS 
gene) was excised from plasmid pMT-SA (construct a, Chmes. Academy of Sciences) as a Pst 1- 
Hind Dl fragment and isolated by electrophoresis in a one percent (1 *) agarose gel. Tne Pst-Hmd 
m fragment was visualized in the agarose gel by seining with emidium bromide, ffluminated wt* 
ultraviolet light (UV) and purified with a Prep-a^en. kit (BioRad laboratories, Richmond CA> 
Tne HBsAg codmg region on the Pst I-Hind IB fragment was then ligated into ; the im 
digged plasmid pB.uescrip. KS (Stratagene, La Jolla. CA) to form me plasmtd pKS-HBS. The 
HBsAg gene in plasmid pKS-HBS was men opened 1.6 base pairs (bp, ,• - the — ■ 
„ im BstB I and the resulting ends were blunted by filing with Klenow enzyme and °CT™ G ™ 
The entire codmg region (820 bp) was men excised with Bam HI, which is sit. derived from the 
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pl asmid vector pBluescript. This results in the addition of Bam HI and SmaTsites 5' to the original 
HBsAg coding sequence from plasmid pMT-SA. 

Plasmid pBI121«, obtained from Clonetech, Laboratories, Inc., Palo Alto, CA, was digested 
with Sac I and the ends blunted with mung bean nuclease. Ttie GUS coding region was then released 
from pBI121 by treatment with Bam HI and the 11 kilobase pair (kbp) GUS-less pBI121 plasmid 
vector isolated. Subsequently, the HBsAg coding fragment excised from pKS-HB was ligated into 
the GUS-less plasmid pBI121 to yield plasmid pHBlOl (Figure3). Transcription of the HBsAg gene 
in this construct is driven by the cauliflower mosaic virus 35S (CaMV 35S) promoter derived from 
pBI121 and the polyadenylation signal is provided by the nopaline synthase terminator. 

'•The plasmid vector pHBlOl then contains 1) a neomycin phosphotransferase U (NPTII) gene 
which provides the selectable marker for kanamycin resistance; 2) a HBsAg gene regulated by a 
cauliflower mosaic virus (CaMV 35S) promoter sequence; and 3) right and left T-DNA border 
. sequences which effectively cause the DNA sequences for the NOS and HBsAg genes to be 
transferred to plant cells and integrated into the plant genome. The diagrammatic structure of 
pHBlOl is shown in Figure 5. 

A J. Construction of Hepatitis B Surface Antigen Expression Vector pHB102 

Plasmid pHB102, an improved expression vector, was constructed from plasmid pHBlOl by 
removal of the CaMV 35S promoter and insertion of a modified 35S promoter linked to a translation*! 
enhancer element. The CaMV 35S promoter in the plasmid pRTL2-GUS« contains a duplication of 
the upstream regulatory sequences between nucleotides -340 and -90 relative to the transcription 
initiation site. Fused to the 3' end of the promoter is the tobacco etch virus 5' nontranslated leader 
sequence <TL), which acts as a translation^ enhancer in tobacco cells. 

As seen in Figure 4, the promoter (with dual enhancer) was obtained from plasmid pRTL2- 
GUS pRTL2-GUS was digested with Nco I and the ends were blunted with mung bean nuclease. 
The CaMV 35S with duplicated enhancer linked to tobacco etch virus (TEV) 5' nontranslated leader 
sequence (the promoter-leader fragment) was then released by digestion with Hind m, and purified 
by agarose gel electrophoresis. Plasmid pHBlOl was digested with Hind ffl and Sma I to release the 
CaMV 35S promoter fragment and the promoter-less plasmid vector was purified by agarose gel 
electrophoresis. This yielded a blunt end just 5' to the HbsAg coding sequence for fusion w.th the 
blunted Nco I site at the 3' end of the purified promoter-leader fragment from P RTL2-GUS. Then 
the promoter-leader fragment from pRTL2-GUS was ligated into the Hind ffl-Sma I site on promoter- 
less plasmid pHBlOl to yield plasmid P HB102. 

The HBsAg coding region of plasmid P HB102 lies upstream of the nopaline synthase (NOS) 
terminator The plasmid contains the left and right borders of the T-DNA that is integrated into the 
plant genomic DNA via AfrohaCerium fcmefacjen* mediated transformation, as well as the neomycm 
phosphotransferase (NPT II) gene which allows selection with kanamycin. Expression of the HbsAg 
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ge ne is drive, by 35S with dual transcriptional -S^*- to the TEV 5- 

nontranslaud leader. ™ «V ieader aos as a transanal enhancer to — the amount 
protein made using a given amount of template mRN A. 67 
B Transfer of Binary Vectors, pHBlOl and pHB102, to A. tumefaaens 

H astnid pHB.Ol, conning the HbsAg gene and the CaMV 35S promoter, and p.as™d 

P „B>02 *Hg the HBsAg gene and CaMV 35S promoter - « «-rip*»> — - ~- 
P™ 11 "' * .. ,,. I, , nn -« — ■ - trmhmerium nimefac iens. 

*n the TEV 5' nontranslated leader were then separately transierreu w __s 

totheltv3 noou hb.au uene was transferred to the A. 

Plasmid pHBlOl or pHB102, each containing the HBsAg gene, was tr 

strain U.A4404 obtained from C.o.etech Labora»ries. Inc. as in Example 1 

taB ^ aaa& , . . ,„ m „ llHters (50 ml) of YEP (yeast extract-peptone broth)" 

a tumefaaens was cultured m 50 milliliters t^u n»j " 

ft. Bmaa^ streptomycin until the optical density 

containing two-tenths milligrams per milliliter (0.2 mg/tnl) strep y „ 
(0 D ) a. 600 nanometers (nm) of the culture reaches about five tenths (0.5). The cells were 
^d a, 2000 toes gravity (2000XO) to ob«in a baoeria, «^ T»*^~m£* 
^.suspended in ten milliliters of ice coid one hundrrf fift, mi-.imolar 0«-. 

Is-nded in one mil.i>i«r (. m» of ice cold twenty mi.limo.ar calcium «"-^ C ** 
myogram (0.5 ,g) of plasmid pHB.01 or plasmid P HB102 was added . « , ^ 
milliliters (0.2 ml) of the calcium chloride suspension of A* tumeiacjens. cells in a one and 
H uL ( 5 ml) nnc—ige tube a*d incubated on ice for sixty minute. The plasm* pHB.01 
r ~NA and A. ^ cells mixture was frozen in Honid nitrogen for one nnnute 

milliliter (1 ml) of YEP (yeast extract-peptone broth). The piasmio p v 

milliliter (i mi; vj rip „ refiS Celsius (28°C) for four hours with 

tumetaciens mixture was then incubated at twenty-eight degrees Celsius w 

^Lg. The mixture was plated on YEP (yeas, exnact^ne brom, agar medium oomau^ 

Cm^L per milliliter (50 ,g/ml, xanamycin. Optimum drug concent, may 

titty miwugiai^ r nlatcs were incubated for three 

r^r=-^=— — ™ 

days at twenty g * piasmids. These colonies were 

transformed Agm ^«cterium harboring the pHBlUl or we P n v 

transformed extract-peptone broth) containing fifty 

then transferred to five milhleters (5 ml) of YEP (yeast P 

Xerograms per mUlUiter (50 ,g/ml) of Icanamycin for three days at twenty-eight degrees Celsius 

^^e presence of pHBlOl or P HB102 DNA in the transformed J***. , «-~ 
verify by liction mapping of the plasmid DNA purified by Valine lysis of the bacterial cell, 
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C. Plant TransrormauJITby A. tumefadens containing the HB^^e as Part of the Tj 
Vector System 

Tobacco plants were transformed by the leaf disc method utilizing A mitten"™ tumefaciq 
containing either plasmid pHBlOl or pHB102 and then the kanamycin resistant transformed tobacco 

plants were regenerated. 

Leaf disc transformation was performed in accordance with the procedure of Horsch et al«. 
Tobacco seeds QMana tahacum L. cv Samsun) were surface sterilized with twenty per cent (20%) 
household bleach (diluted one to five from the bottle) for ten minutes and then washed five times with 
sterile water. The seeds were sown on sterile MSO* medium in GA-7 boxes (Magenta Corporation, 
Chicago IL). The seedlings were grown under moderate light for four to six weeks, and leaf tissue 
was excised with a sterUe scalpel and cut into five-tenths square centimeter (0.5 cm 3 ) pieces. 

The A. lujiiefaciens conttining pHBlOl or pHB102 which had been grown in YEP (yeast 
extract-peptone broth) medium were diluted one to ten with MSO* for tobacco leaf pieces. Leaf 
pieces were inoculated by immersion in the diluted transformed A, tumefaciens culture and cocultured 
on regeneration medium MS 104 4 for two days at twenty-seven degrees Celsius (27«Q. Leaf pieces 
were then washed with sterile water to remove the free Ax jHrnefjcifiDS cells and placed on fresh MS 
selection medium which contained two hundred micrograms per milliliter (200 M g/ml) kanamycin to 
select for transformed plant cells and two hundred micrograms per milliliter (200 *g/UI) cefotaxime 
to inhibit bacterial growth. Leaf pieces were subcultured every two weeks on fresh MS selection 
medium until shoots appeared at the cut edges. As shoots formed at the edge of the leaf pieces and 
grew large enough for manual manipulation, they were excised (usually at three to six weeks after 
cocultivation with transformed jurne^cjejis) and transferred to a root-inducing medium, e.g. MS 
rooting medium containing one hundred micrograms per milliliter of kanamycin (100 Mg/ml). As 
roots appeared, the plantlets were either allowed to continue to grow under sterile tissue culture 
conditions or transferred to soil and allowed to grow in a controlled environment chamber. 
D. Analysis of RNA from Transformed Tobacco 
. The regenerated kanamycin-resistant pHBlOl and pHB102 transformed tobacco plants were 

analyzed by hybridizing RNA samples with a »P labelled probe encompassing the HBsAg gene coding 
region. 

Total RNA from the leaves of the p HB101 transformed tobacco plants was isolated as 
described" Approximately four tenths of a gram (0.4 g) of young growing leaf tissue from a 
^formed plant was frozen in liquid nitrogen and ground to a powder with a cold mortar and pestle. 
The powder was resuspended in five milliliters (5 ml) of RNA extraction buffer composed of two 
hundred millimolar (0.2M) Tris-HCl, P H 8.6; two hundred millimolar sodium chloride (0.2M NaCl); 
twenty millimolar ethylenediaminetetraacetic acid (20 mM EDTA) and two percent sodium dodecyl 
sulfate (2% SDS) and immediately extracted with five milliliters (5 ml) of phenol saturated with ten 
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millimoiar (10 mM) TnBcFpH 8.0 p K on. mil.im.le e*ylJ!>^raace«ic acid (1 mM/^ 1 P 
EDTA) andf>v. m a.»iter S (5ml)ofch.<m.form. Ate cer^lugaio. a. three thousand times gravjfy 
(3 000XG) to separate th. phases, the upper a,ueous *« *» removed and nude . three tend^ 
.nolar (0.3M) poussium acaate, pH 5.2. Tn. nucleic acids in the extract were P«W— «* 
and a half (2.5) volumes ofeu.au.>, pelleted a, eight thousand times gravity (8.000XG). dr,ed under 
.educed pressure, suspended in one mi.li.i..r 0 ri> of water, and rep recipitated with the addition 
of one rim. (1 ri) of six molar (6M) ammonium acetate a* five milliliters (5 ml) of ethanol. 
Th. final pellet was dried and resuspended in two tenths of a milliliter (0.2 ri> of wa«r. and the 
concentration of RNA estimated by measuring the absorbance of me samples a. 260 nanomeKrs (nm). 
assuming that a solution of one milligram per milliliter (1 mgrml) RNA has an absorbance of twenty- 
five (25) units. 

Five micrograms of each RNA sample was denatured by incubation for fifteen nunutes at 
sixty-fiv. degrees Celsius (65X) in twenty millimolar- (20mM) MOPS (3-N-morpholino) 
propanesulfurlc acid. pH 7.0; ,e. millimolar 00 mM) sodium acetate; one millimolar 
emvleoediaminaenaacetic acid (! mM EDTA); six and on. half percent (6.5% w/v) fonnaldehyde; 
fifty p«cent (50* v/v) formamide. and then fraction** b, decrrophoresis to one p«ent (1*) 
asuose gels. The nucleic acids were transferred » a nylon membrane b, capillary blotting" for 
sixteen hours in twenty-five millimolar (25 mM) sodium phosphate. pH 6.5. The. the nucleic aads 
were crossed to the membrane by irradiation with utlraviole, (UV) light and the membrane 
pretreatedv^hybridizatfonbufTer ,twe»,y-fi»ehu*r*.hs motor (.25M) sodium phosphat..pH 7.0; 
on. millimolar emylene diamine terraacetic acid (ImM EDTA); seven percent (7*) sodium dodecyl 
sulfate (SDS)] for on. hour a. sixty-«i«h, degrees Clsius (68'C The membrane was probed w„h 
,0* counts per minuK per millilker (cpm/ml) "P-labell* ra*oo>prim* DNA using . 700 base parr 
(bp) Bam Hl-Acc 1 fragment from plasmid pKS-HBS which tacludes most of the coding region for 
HBsAg B,«s were hybridized a. sixty-eigh. degree Celsius (68°Q in hybridization buffer and 
W ash* twice for five hundred and fifteen minutes with fort, millimolar (40 mM) sodium phosphate. 
pH 7 0 per one millimolar ahylene diaminetetraace* acid (ImM EDTA) per five percent sodmm 
dodecyl sulfa. (5% SDS) a, sixty^igh. d.grees Celsius (68-Q and expos* to X^MAT AR film 

for twenty hours. m 

Tn. results of the RNA hybridization probe with select* transformants harbonng me plasmtd 
PHB101 consult and with a wild-type control (wt) can be seen in Figure 6A. Tne signals were 
highly variable b«ween transforms, as expected due to the effects of position of insertion into the 
genomic DNA and differing copy number. The transcripu were about 1.2 leb in lengd. by 
comparison with the RNA standards, which was consist with m. expected size. The wdd^ype 
control leaf RNA show* no deferable signal a. this stringency of hybridization. Substanua. steady- 
state levels of mRNA which specifically hybridized with th. HBsAg probe was present in the leaves 
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its whicnini 



of elected transformants^SIW.cated that mRNA stabfflty was not a p 




of HBsAg in tobacco leaves, 

E Analysis f Protein from Transformed Tobacco Plants « ■ 

' protein was extracted from uansformed tobacco leaf toes by homogeniaation w«h a T«n< 
Broek ground glass homogenize, (clearance 0.15 mm) in five volumes of buffer containtog .went, 
LoJL POmM) sodium phosphate, pH 7.0. one hundred fifty millimolar <150mM) scdmm 
2Tde twenty mulbnolar pOmM) sodium ascorbate. o.«eu.h p*cen, (0..*) Triton X-.00. and 
Z tembs millimolar (0.5tnM> PMSF. a, four degrees Celsius (4'Q. T»« homogenate ^ 
centrifuged at one thousand times gravity (1000XG) for Ave minutes and the supernatant cemnfuged 
„ rwenrU™ thousand times gravity 07.000X0, for fifteen minutes. The 27.000XG supernatant 
was then centrifuged a. one hundred thousand times gravity (I00.000XG) for one hour and thepel.e, 
.suspended to e-raction buffer. Tne protein in the differed fractions was measured by me 
cJassiedye-bindmgassayrBie^^^ 

Ut (Abbott Uboraories, Abbott Park. U.) using the positive control. HBsAg der,ved from hum*. 

standard. Tne positive control was dih*ed to give HBsAg prCeto levels of mne 
hundredths »^ eight tenths nanograms (.09-..! ng) per assay. After color de«.opme», the 
urbane, a. four hundred ninety*™ nanome«rs (492 nm) was read and a linear rdauonshtp was 
Z* As seen in Figure 6B, the weld-type control plant contained no detectable HBsAg protein 
(Column «y low levels of HBsAg protein were observed, ranging from three ^nanograms 

, ^ . . tK „ _rrpi ai construct (Columns 2 through 6); and from 
per milligram (3-10ng/mg) soluble protem tor the pHBlOl construct *- 

tTenty-fC sixty-five nanograms per milligram (25^5 »g/mg) for the pHB.02 construe, Cojutnns 
, through 9). Tne reaction was specific because the wild*ype tobacco showed no detectable HBsAg 
protein. HBsAg from human serum and recombinant HBsAg (rHBsAg) from p te mid*ansformed 
'east occur as approximately twenty nanometer (20»m) spherical ^™ of pro«m 
embedded in a phospholipid bilayer. Ninety-five percent of the rHBsAg . *« 27.000X0 
supernatants of oogenic tobacco lea, extracts pellet* . 2000.000XG for dart, mmutes. ^ 
suggest a particle form. Thus, evidence was iough, to ascertain if rHBsAg in tobacco extsted as 

particles. __ 4 

F Jmmunoamnit, Purification of HBsAg from Transformed Tobacco Piants 

Transform* tobacco leaf extram were tested for the presence of material wbtch reaas 
specifically with monoclonal antibody to serunwierived HBsAg. Further teas were conduced «» 
de^rmine if the recombinant HBsAg material in the reformed tobacco leaves was present as 
oarticles and the size range of the particles. 

Monoclone antibody against HBsAg. cloneZMHBl. was obtained from Zymed Uboratones 
(South San Francisco. CA). Tne immunogen source for mis antibody is hum. , «. 
monoclonal antibody was bound to Affi-Gel HZ hydraaide gel (Bie-Rad Ub.mor.es. Rtchmond. CA) 



according to the instructiS^ed in the kit. The 100.000XG resul^ftoluble material w^. ^ 
made to five tenths molar (0.5M) sodium chloride and mixed with the immobilized antibody-gel b| 
end^>ver-end mixing for sixteen hours at four degrees Celsius (4»C). The gel was washed with ten 
volumes of PBS .5 [ten millimolar (lOmM) sodium phosphate, pH 7.0, five tenths molar (0.5M) 
sodium chloride] and ten volumes of PBS. 15 [fifteen hundredths molar (0.15M) sodium chloride] and 
bound HBsAg eluted with two tenths molar (0.2M) glycine, pH 2.5. The eluate was immediately 
neutralized with Tris-base, and particles pelleted at one hundred and nine thousand times gravity 
(109,OOOXG) for one and a half hours at five degrees Celsius (5»Q. The pelleted material was 
negatively stained with phosphotungstic acid and visualized with transmission electron microscopy 
using a Phillips CMIO microscope. The presence of rHBsAg particles were revealed by negative 
staining and electron microscopy, Figure 7. rHBsAg particles ranged in diameter between ten and 
forty nanometers (10-40nm). Most particles were between sixteen and twenty-eight nanometers (16- 
28nm). These are very similar to the particles observed in human serum - although no rods were 
observed. The rHBsAg particles from yeast occur in a range of sizes with a mean of seventeen 
nanometers (17nm).' Thus rHBsAg produced in transgenic tobacco leaves has a similar physical form 
to the human HBsAg. 

G. Sucrose and Cesium Chloride Gradient Analysis of HBsAg from Transgenic Tobacco 

Further evidence of the particle behavior of rHBsAg was obtained from sedimentation and 
buoyant density studies of the transgenic tobacco leaf extracts. 

Extracts of the transgenic tobacco leaf tissue were made as described in the protein analysis 
section and five tenths milliliter (0.5ml) of the 27.000XG supernatants were layered on linear eleven 
milliliter (11 ml) five to thirty percent (5-30%) sucrose gradients made in ten millimolar (lOmM) 
sodium phosphate, pH 7.0, fifteen hundredths molar (0.15M) sodium chloride or. discontinuous twelve 
milliliters (12ml) one and one tenth to one and four tenth grams per milliliter (1.1-1.4 g/ml) cesium 
chloride gradients made in ten millimolar (lOmM) sodium phosphate, pH 7.0 [three milliliters (3ml) 
each of one and one tenth, one and two tenths, one and three tenths, and one and four tenths grams 
per milliliter (1.1, 1.2, 1.3 and 1.4 g/ml) cesium chloride]. Positive control HBsAg from the 
AUSZYME kit was also layered on separate gradients. The sucrose gradients were centrifuged in 
a Beckman SW41Ti rotor at thirty-three thousand revolutions per minute (33,000 rpm) for five hours 
at five degrees Celsius (5°C), and fractionated into one milliliter (1ml) fractions while monitoring the 
absorbance at two hundred and eighty nanometers (280 nm). The cesium chloride gradients were 
centrifuged in a Beckman SW40Ti rotor at thirty thousand revolutions per minute (30,000 rpm) for 
twenty five hours at five degrees Celsius (5"C), and fractionated into five tenths milliliter (0.5 ml) 
fractions. HBsAg in the gradient was assayed using the AUSZYME kit as described above. 

Figure 8 shows a sucrose gradient profile of rHBsAg activity from the transgenic tobacco 
leaves harboring the plasmid construct pHB102. The transgenic tobacco rHBsAg sedimented with 



a peak near the 60S ribosomal subunit, and the serum-derived HBsAg material sedimented in a 
somewhat sharper peak just slightly slower. This data is consistent with the finding that human 
HBsAg sediments at 55S. W The observation that the plant rHBsAg material sedimented slightly faster 
and with a broader peak than the human HBsAg is consistent with the larger mean size of the rHBsAg 
5 . plant particles and the wider range of particle sizes. 

The buoyant density of the rHBsAg panicles from transgenic tobacco plants in cesium 
chloride, Figure 9, was found to be approximately one and sixteen hundredths grams per milliliter 
(1.16 g/ml), while the human HBsAg particles showed a density of about one and two tenths grams 
per milliliter (1.20 g/ml). Thus, the rHBsAg from the transgenic tobacco plants exhibits 
10 sedimentation and density properties that are very similar to the subviral HBsAg particles obtained 
from human serum. Most importantly, HBsAg in the particle form is much more immunogenic than 
that found in the peptide form alone. 3 

H. Reproduction of HBsAg Transgenic Tobacco Plants 

Reproduction of transgenic plants was accomplished as stated in Example L 

EXAMPLE m. 

A. Transformation of Tomato- with-HBsAg-Gene 



Tomato, ^ycopersicom esculentum var. VFN8, was transformed as in Example II. B and C 
by the leaf disc method using Aprobacterium tumefaciens strain LBA4404 as a vector, McCormick 
et al. , 1986. 23 A- tumefaciens cells harboring plasmid pHB102, constructed as in Exa mple n. A.2, 
. which carries the HBsAg coding region fused to the tobacco etch virus untranslated leader, Carrington 
& Freed, 1990, 73 and the cauliflower mosaic vit^ 35S>prorooter,^were»usedaoJnfe cucotyledon 
explants from seven day old seedlings. The explants were not preconditioned on feeder plates, but 
infected directly upon cutting, and co-cultivated in the absence of selection for .two days. Explants 
were then transferred to medium B, McCormick et al., 19 86,° containing five-tenths milligrams per 
25 millilter (0.5 mg/ml) carbenicillin and one-tenth milligram per milliliter (0.1 mg/ml) kanamycin for 
selection of transformed callus. Shoots were rooted in MS medium containing one-tenth milligram 
per milliliter (0*1 mg/ml) kanamycin but lacking hormones, and transplanted to soil and grown in a 
greenhouse. 

Several independent kanamy cin-res istant callus lines were obtained after ftfrobacterium- 
30 mediated transformation of the tomato variety VFN8. One of these lines regenerated shoots with high 
freguency and was rooted and grown in soil in the greenhouse. The tissues from these plants were 
used for the protein and RNA analyses. 
B. Quantitation of HBsAg in Leaves and Fruits 

Plants tissues were extracted by grinding in a mortar and pestle with solid carbon dioxide 
35 (COj), and suspended in three volumes of buffer containing twenty millimolar (ZOmM) sodium 
phosphate, one hundred fifty millimolar sodium chloride (ISO mM NaCl), five tenths millimolar 
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phenylmethylsulfonyl fluoride (0.5 mM PMSF), one tenth percent (0.1%) Triton X-100, pH 7.0. 
After centrifuging the homogenate at ten thousands times gravity (10,000 xg) for five minutes at four 
degrees Celsius (4°Q, aliquots of the supernatant were assayed for total soluble protein by the 
method of Bradford 74 and for HBsAg with the Auszyme II kit (Abbott Laboratories) as described in 
Example II. E. 

HBsAg Levels in Transformed Tomato Tissues 

In order to test for accumulation of HBsAg protein in transgenic plants, extracts of leaf and 
fruit were made, which were used for HBs Ag-specific EL1SA. A standard curve was obtained using 
authentic HBsAg which was derived from the serum of infected individuals. Table 1 shows the levels 
of accumulation of HBsAg in leaves and ripe fruit of transgenic plants. Young leaf and red fruit from 
greenhouse-grown transgenic tomato plants were extracted and assayed for total soluble protein and 
HBsAg as described above. Similar tissues from untransformed control tomato plants showed very 
low background for HBsAg. 

The level found in tomato leaves is similar to the highest level found in leaves of transgenic tobacco 
by Mason et aL, 1992 72 , and represents 0.007% of the total soluble protein. The amount of HBsAg 
in ripe fruit was somewhat lower, 0.0043%, or 87 ng/g fresh weight. Similar extracts of 
untransformed tomato leaves showed negligible amounts of anti-HBsAg reactive material, at least 
50-fold lower than the transformed plants. 

The level of expression in the tomato fruit, although somewhat lower on a total protein basis, 
represents a substantial proportion of the whole plant accumulation of HBsAg because the fruit are 
much more dense than the leaves. A small tomato weighing one hundred grams would contain 
approximately nine micrograms (9 /ig) of HBsAg. 

Table 1, 

HBsAg Levels in Transgenic Tomato Leaf and Fruit 
ng/rog total 

Organ soluble protein (%) ng/g fresh weight 

Leaf 70 (0.007%) 

Fruit (red) 43 (0.0043%) 87 

C. RNA Extraction and Northern Blotting 

RNA was extracted as described in Example II. D., except that the tissues were ground with 
solid carbon dioxide (COJ instead of liquid nitrogen (Nj). RNA was fractionated and blotted to nylon 
membranes (Boehringer-Mannbeim), fixed by irradiation on a ultraviolet transilluminator for three 
minutes, and air dried. Total RNA On the blot was visualized by staining with twenty-five hundredths 
percent (0*25%) methylene blue per twenty-five hundredths molar sodium acetate (0.25 M NaOAc), 
pH 45 for five minutes and destaining with water. The blot was then prehybridtzed in twenty-five 
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hundredths molar (0.25 M) sodium phosphate, pH 7.0, ten miHimoIar ethylenediaminetetraacetic acid 
(10 mM EDTA), seven percent sodium dodecyl sulfate (7% SDS) for one hour at sixty-eight degrees 
Celsius (68°Q and probed with digoxygenin-labeled random-primed DNA made using the HBsAg 
coding region as template-according to the manufacturer's instructions (Genius 2 Kit, 
Boehringer-Mannheim). After washing the blot twice with forty milHmolar (40 mM) sodium 
phosphate, pH 7.0, five percent sodium, dodecyl sulfate (5% SDS) at sixty-eight degrees Celsius 
(68°C) and twice with forty millimolar (40 mM) sodium phosphate, pH 7.0, one percent sodium 
dodecyl sulfate (1 % SDS) at sixth-eight degrees Celsius (68°C), the hybridized RNA was detected 
by probing with anti-digoxygenin-alkaline phosphatase conjugate and developing color for sixteen 
hours according to the manufacturer's instructions (Genius 2 Kit, Boehringer-Mannheim). 

The activity of theilBsAg gene in transgenic plants was assessed by RNA blotting. Total 
RNA isolated from transformed tomato leaves and green fruit and from untransformed leaves was 
fractionated in a denaturing agarose gel, transferred to a nylon membrane, and hybridized with 
random^rimed digoxygenin-labeled probe made using the HBsAg coding sequence as template. 
Figure 10A shows that RNA from tramformed tomato leaf and fruit hybridized with the HBsAg 
probe. whUeJy^A-fromamtWormed.leaf.show^ nojdetectable signal. The level of HBsAg mRNA 
in leaves was approximately three to five times greater than in fruit, on a total RNA basis. Figure 
10B shows a similar RNA blot stained with methylene blue to reveal the total RNA pattern, and 
indicates that the samples were loaded with equivalent amounts of total RNA. Thus, the HBsAg 
transgene is transcribed faithfully in transgenic tomato leaf and fruit, and accumulates to substantial 
levels^ The yield of RNA from ripe fruit was rxwr^and wajs_npl _ 
D. Tissue Blotting for HBsAg Detection 

Leaves of transformed or untransformed tomato plants were excised and pressed on fine-grain 
sandpaper before blotting abaxial side down on nitrocellulose. Tomato fruits were sectioned with a 
razor blade and pressed onto nitrocellulose for 30 sec. The blot was blocked with 5% nonfat dry milk 
in 10 mM sodium phosphate, pH 7.2, 140 mM Nad, 0.05* Tween-20, 0.05% NaN3 (PBST)for 2 
hr at 37°C. The blot was probed with mouse monoclonal anti-HBsAg (Zymed Laboratories) at 
1:1000 dilution in 2% nonfat dry milk in PBST for 2 hr at 23"C, before washing and detection with 
goat anti-mouse IgG-alkaline phosphatase conjugate (BioRad) and development with NBT and BCIP 
according to manufacturer's instructions (Genius 2 Kit, Boehringer-Mannheim). 

Tissue blots on nitrocellulose, probed with monoclonal anti-HBsAg, as seen in Figure 11, 
graphically demonstrate the presence of HBsAg in the transformed tomato tissues. Because this 
antibody does not react with SDS-denatured HBsAg, it was not possible to detect HBsAg on western 
blots of SDS-PAGE fractionated leaf proteins. Figure 1 1 shows a tissue blot of transformed and 
untransformed tomato leaf and transformed tomato fruit. The faint color of the untransformed leaf 
blot on the left is from chlorophyll; very little purple staining was observed. The transformed leaf 
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on the right and the transformed fruit at bottom showed purple precipitate indicating specific binding 
of the anti-HBsAg antibody. 

FX AMPLE IV. 

A. Construction or TrarismissibirGastroenteritis Virus Plasmid Expression Vector 
5 The Transmissible Gastroenteritis Virus (TEGV) coding sequence TGEV S-protein as 
described in Sanchez et al., 1992 75 was obtained from Dr. Lisa Welter (Ambico-West, Los Angeles, 
CA) as a PCR product cloned into plasmid pGEM-T (Promega Corp., Madison, WT). The 5' end 
was truncated six base pairs (6bp) upstream of the translation initiation site by digestion with Hindi. 
The 1.2 kilobase (kb) Hincll/Xhol fragment was isolated and ligated into plasmid pBluescript KS 
10 (Stratagene, La Jolla, CA) which was previously digested with Smal and Xhol. The resulting 
plasmid, pTG5', was then digested with BamHI and Xhol and the 1.2 kilobase (kb) fragment isolated. 
The 3.3 kilobase (kb) Xhol/Sstl fragment, representing the 3' end of the S-protein coding region, was 
isolated and ligated together with the 1.2 kilobase (kb) BamHI/XhoI fragment from plasmid pTG5\ 
representing the 5' end of the S-protein coding region, into plasmid pBluescript KS that had been 
-digested with BamHI and SstI— The-resulting plasmid r pKS-TG, was then digested with BamHI and 
SstI to give the entire 4.5 kilobase (kb) S-protein coding sequence, which was then ligated into the 
potato tuber expression vector plasmid pPS20' 6 that was digested with BamHI and SstI and isolated 
from the GUS coding region. Plasmid pPS20 is a derivative of pBHOl 77 , and contains a kanamycin 
resistance cassette for selection of transformed plants. The resulting plasmid, pPS-TG, contains the 
S-protein coding region downstream of the patatiri promoter, which drives tuber-specific expression 
^ffpomo-plaiitST^ 7 

B. Potato Transformation 
Aprohacterium mmefaciens LBA4404 was transformed with plasmid pPS-TG by the freeze- 

thaw method of An 7 *, and the plasmid structure verified by restriction digestion. The Aprobacterium 
25 strain harboring plasmid pPS-TG was med for rransfoiroation of the poteto variety "Atlantic." The 
potato transformation protocol was as described in Wenzler 79 and shoots were regenerated on media 
containing fifty milligrams per liter (50 mg/L) kanamycin. Microtubers were induced on nodal stem 
segments as described by Wenzler. 79 

C. Analysis or S-protein Expression in Microtubers 

30 Total RNA was extracted from microtubers using the method of Mason and Mullet* 0 , except 

that the microtubers were homogenized in three volumes of buffer in microcentrifuge tubes with pellet 
pestles, rather than grinding with liquid nitrogen (Nj). The RNA samples were assayed for S-protein 
mRNA by RNA dot blotting* 1 and hybridization with a digoxygenin-labeled probe made by random- 
primed DNA synthesis (Genius 2 Kit, Boehringer-Mannheim, Indianapolis, IN). The 2.2 kilobase 

35 (kb) Xhol/Xbal fragment from the coding region of the TGEV S-protein gene was the template for 
probe synthesis. Hybridization and detection were done as per kit instructions (Genius 2 Kit, 
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Bochringer-Mannheim, Indianapolis, IN), except that the hybridization buffer conuined twenty-five 
hundredths molar (0.25 M) sodium phosphate, P H 7.0. five percent (5%) sodium lauryl sulfate, and 
ten millimolar ethylenediaminetetraacetic acid (lOmM EDTA). The results were only qualitative, but 
indicate that there was a range of different levels of expression of S-protein mRNA among the 
5 independent transformants. as is expected for a random insertion of the foreign gene into the host 
plant genome. 

REFERENCES 

The following references are specifically incorporated herein by reference in pertinent part 
10 for the reasons cited in the text. 

1. Melnick. J.L., Bui. W.H.O. 67(2), 105-1 12(1989). 

2. Valenzuela, P. et al., Nature 298, 347-350(1982). 

3. Kupper. H. et al, Nature 289, 555-559(1981). 

4. BeHeyrPTN: andXhuaTNlH.; Science 244, 174-181(1989). 

5. Shah, D.M. et al., UISTPalent 4,940,835X1990);- 

6. Horsch, R. B. et al. in Plant Molecular Biology Manual A5, Kluwer Academic Publishers, 
Dordrecht (1988) p. 1-9. 

7. Rhodes, C.A. et al., Science 240, 204-207 (1989). 
8: Toriyama, K. et al., Bio/Technology 6, 1072-1074 (1988). 

~~9. Zhang /W. & Wu, R~7^rT^^. _ G&ie^76r835«40-(1988). 

10. Wu, R. in Plant Biotechnology, Kung, S. and Arntzen, C. J., eds., Butterworth Publishers, 
Boston, MA (1989) p. 35-51. 

11. Vaccination Strategies of Tropical Diseases, ed., Liew, F. W.. CRC Press, Boca Raton, FL.; 

25 (1989). 

12. New Strategies in Parasitology, ed., McAdam, K. P. W. J., ChurchUl Uvingstone, New 
York, NY; (1989). 

13. Murray, P. K., Vaccine 7, 291-299 (1989). 

14. Weber, J. L. et al., Exp. Parasitology 63, 295-300 (1987). 
30 15. Hoffaiaii,S.L.etal.,Scie^ 

16. Khusmith, S. et al., Science 252, 715-718 (1991). 

17. Kaslow, D. C. et al., Science 252, 1310-1313 (1991). 

18. Frasch, A. C. C. et al., Parasitology Today 7, 148-151 (1991). 

19. Mitchell, G. F. et al., Parasitology Today 5, 34-37 (1989). 

20. Capron, A. et al.. Science 238 1065-1072 (1987). 



35 



21. Lanar, D. et al., Science 234, 593-596 (1986). 

35 



22. Deak, M. et al.. Plant Cell Rep. 5, 97-100 (1986). 

23. McCormick S. et al.. Plant Cell Rep 5, 81-84 (1986). 

24. Shahin, E. and Simpson, R., Hort.Sci. 21, 1 199-1201 (1986). 

25. limbeck, P. et al., Bio/Technology 5, 263-266 (1987). 

26. Christou, P. et al., Trends Biotechnol. 8, 145-151 (1990). 

27. Datta, S. K. et al., Bio/Technology 8, 736-740 (1990). 

29. Hinchee, M. A. W. et al., Bio/technology 6, 915-922 (1988). 

30. Raineri, D. M. et al., Bio/Technology 8, 33-38 (1990). 

31. Fromm,M.E.etal., Bio/Technology Z, m*39 (1990). 

32. Gordon-Kamm, W. J. et al., The Plant Cell 2, 603-618 (1990). 

33. Potrykus, I., Arum. Rev. Plant Physiol., Plant Mol. Biol. 42, 205-225 (1991). 

34. Shimamoto, K., et al., Nature 338, 274-276 (1989). 

35. Klee, H. et al., Anna. Rev. Plant Physiol. 38, 467-486 (1987). 

36 Klee', H. J. and Rogers, S. G. in Cell Culture and Somatic Cell Genetics of Plants, Vol. 6, 

M^dar~Bioiogy'ofP^^ 

Publishers, San Diego, CA. (1989) p72-25. 

Gatenby, A. A. in Plant Biotechnology, eds. Kung, S. and Amtzen, C. J., Butterworth 
Publishers, Boston, MA. (1989) p. 93-112. 

Pa^kWski77-erairin Cell Culture and Somatic Cell Genetics of Plants, Vol. 6, Molecular 
Biology of Plan Nuclear Genes**. Schell, J ., and Vasil, L. K.^Academic Publishers, San 
Diego, CA. (1989) p75^68. 

Klein, T. M., et al. in Progress in Plant Cellular and Molecular Biology, eds. Nijkamp, H. 
J. J. - ,' Van der' Plas, J. H. W., and Van Aartrijk, J., Kluwer Academic Publishers, Dordrecht, 
(1988) p. 56-66. 

DeWet, J. M. J., et al. in Experimental Manipulation of Ovule Tissue, eds. Chapman, G. P. 
and Mantell, S. H. and Daniels, W. Longman, London, (1985) p. 197-209. 

41. Zhang, H.M.et*l., Plant Cell J&p. 7, 379-384 (1988). 

42. Fromm, M. E. et al.. Nature 319, 791-793 (1986). 

43. Hess, D. Int. Rev. Cytol. 107. 367-395 (1987). 

44. Klein, T. M. et al., Bio/Technology 6, 559-563 (1988). 

45. McCabe, D. E. et al., Bio/Technology 6, 923-926 (1988). 

46. Sanford, J. C. Physiol. Plant. 79, 206-209 (1990). 

47. Neuhaus G. et al., Theor. Appl. Genet. 75, 30-36 (1987). 

48. Neuhaus, G. and Spangenberg, G., Physiol. Plant. 79, 213-217 (1990). 

49. Ohta, Y.. Proc. Nad. Acad. Sci. USA 83. 715-719 (1986). 
51. Futterer, J., et al., Physiol. Plant. 79, 154-157 (1990). 



37 



38. 



39 



40. 



36 



52. Watson. J. D. et al, Recombinant DNA. a Short Course, Scientific American Books, dist. W. 
H. Freeman & Co., New York, N. Y. (1983) p. 164-175. 

53. White, F. F. in Plant Biotechnology, eds. Kung, S. and Arntzen, C. J.. Butterworth 
Publishers, Boston, MA. (1989) p. 3-34. 

54. Fraley, R. T. in Plata Biotechnology, eds. Kung, S. and Arntzen, C. J., Buttenvorth 
Publishers, Boston, MA. (1989), p. 395-407. 

55. EUiston, K. and Messing, J. in Plant Biotechnology, eds. Kung, S. and Arntzen, C. J., 
Buttenvorth Publishers, Boston, MA. (1989), p. 115-139. 

56. Wenzler, H. C. et al., Plant Mol. Biol. 12, 4M5 (1989). 

57. Weising, K. et al., Annu. Rev. Genet. 22, 421-477 (1988). 

58. An, G., Meth. EnzymoL 153, 292-305 (1987). 

59. Maniatis, T., et al.. Molecular Cloning, A Laboratory Manual. Cold Spring Harbor 
Laboratory, Cold Spring Harbor, N.Y. (1982), p. 368-369. 

60. Chang, A. et al., Proc. Natl. Acad. Sti., V.SA. 86, 9611 (1989). 

61. Peng, Y. W. and Lam, D.M.K., Vis. Neuroscu 6, 357 (1991). 

62. Pershing, D.H.etal.,iVoc. /to/. ^.5d.U.^. 82,3440(1985). 

64. Pasek, M. and Goto, T., Nature 282, 575-579 (1979). 

65. Cattaneo, R., Nature 305, 336-338 (1983). 

66. Jefferson, R.etal.,£MBOV. 6,.3901-3907_(1987). 

67. Carrington, J. et al., Plant Cell 3, 953-962 (1991). 

68. Mason, H. et al., Plant Molecular Biology 11, 845-856 (1988). 

69. Ganem, D. and Vannus, H., Ann. Rev. Biochem. 56, 651-693 (1987). 

70. Gerilin, H. et al., J. Virol. 7, 569-576 (1971). 

71. Tiollais, P. et al., Science 213, 406-411 (1981). 

72. Mason H.S., et al., Proc Natl. Acad. Sci. USA, 89, 1 1745-1 1749 (1992). 

73. Carrington, J. et al., J. Virol. 64, 1590-1597 (1990). 

74. Bradford, M.M., Anal. Biochem. 72, 248-254 (1976). 

75. Sanchez, C.M., et al.. Virology 190, 92-1 15 (1992). 

76. Wenzler, H.C., et al., Plant Mol. Biol. 12, 41-50 (1989). 

77. Jefferson, R.A., et al., EMBO J. 13, 3901-3907 (1987). 

78. An, G., Meth. Enzymol. 153, 292-305 (1987). 

79. Wenzler, H.C., et al., Plant Science 63, 79-85 (1989). 

80. Mason, H.S. et al., Plant Cell 2, 569-579 (1990). 

81. Sambrook, J., et al., Molecular Coning: A Laboratory Manual, 2nd Edition, Cold Spring 
Harbor Laboratory Press. 



37 




The foregoing description of the invention has been directed to a particular preferred 
embodiments in accordance with the requirements of the patent and statutes and for purposes of 
explanation and. illustration. It will become apparent to those skilled in the art that modifications and 
changes may be made without departing from the scope and the spirit of the invention. 
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